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VI PREFACE.. 

and opinions, of preceding writers, whether foreign or domestic, he 
was therefore disposed to take on himself the task of accomplish- 
ing, to the best of his abilities, a work of that description. Nu- 
merous difficulties, indeed, offered themselves to his apprehensions; 
but these, he trusted, might yield to an almost enthusiastic fond- 
ness for these pursuits. Many errors and defects, he feared, might 
obtrude themselves on the eyes of the discerning critic ; but these 
he hoped might, in some measure, be compensated for, by the pecu- 
liar information which would result, from the frequent examination 
of a tolerably large and systematic cabinet, obtained from the col- 
lections of Mr. Strange, Lord Donegal, and Mons. Calonne. 

The kind encouragement of his scientific friends prompted him 
to apply himself to the task ; but the doubts and hesitations of 
those, most in the habits of estimating the success of the offspring 
of the press, almost induced him to relinquish his proposed inten- 
tion. His arguments in favour of the attempt, derived from the 
circumstance of the publications on this subject being so very few, 
were powerfully rebutted by the inference, that there were there- 
fore but few readers; and, consequently, but a small demand could 
be expected. Partiality, however, to the project he had formed, 
and a conviction that ample support might be obtained, were the 
attention of the public fairly called to the wonders, which the study 
of oryctology discovers, made him resolve on the attempt. 

But, aware of the small number of those who, at present, make 
this science their study, he feared that a dry, strictly scientific, work 
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obligations to that friend of science, Sir Joseph Banks, to Dr. James 
Edward Smith, President of the Linnaean Society, W. H.Pepys, Esq. 
and other gentlemen, will be fully acknowledged in the body of 
the work. 

That the matter of the present volume will be found highly in- 
teresting is confidently hoped; but when the vast variety of the 
animal kingdom is considered, it is not too much to promise, that 
the subsequent parts of this work will far exceed, in this respect, 
the present; and cannot fail to yield to the admirers of Nature's 
works considerable gratification. 
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LETTER I. 

EATIONAL APPLICATION OF WEALTH AND LEISURE SNAltE- 

STONES FAIRIES CHANGED TO SNAKES FAIRIES NIGHT- 
CAPS BONES OF GIANTS THUNDERBOLTS. 

' 

1 HAVE long been of opinion, that a considerable portion of 
wealth ; the fruit of anxious and laborious exertions, would yield, 
comparatively, but little enjoyment ; unless, during the time de- 
voted to its acquirement, care had been taken to fill up some of the 
leisure hours, which business could spare, with such amusements, as 
would form and cultivate a taste for truly rational pleasures. I am 
now convinced, that unless this be done, wealth and leisure, instead 
of producing to the man of business the completion of his happi- 
ness, will frequently prove to be the source of perpetual torment. 
The mind, deprived of its usual entertainment, and not trained 
for the adoption of any new mode of exercise, either lapses into the 
dreadful torpor of hypochondriacism ; or seeks to obtain a tempo* 



rary gratification from pursuits, unworthy, from their frivolity, or 
from their vicious tendencies, to be adopted by a being, endowed 
with reason. 

I have lived long enough, to. have repeatedly witnessed similar 
terminations of the dreams of happiness, which have deluded those 
men of the world ; who, intent only on the acquisition of money^ 
have supplied their minds with so little information ; that they pos- 
sessed not the -iiieans of using, as a blessings the hardly earned 
wages of a life of care. 

Influenced by such observations, and aware of the necessity of ob- 
taining such resources, I Iiave^ therefore, always allotted a small por- 
tion of my time to such pursuits, as have, at least, excited a disposition 
to scientific research, and an enthusiastic* admiration of the beauties 
of nature* With my mind thus furnished, I have ventured to avail 
myself of the opportunity, which my little fortune aflfords me ; and 
have, I trust, quitted the busy part of the world for ever. 

in pursuance of a plan, on which I had long determined, of visit- 
ing the most interesting parts of this island, I quitted London, last 
week, with my daughter, accompanied by our old friend Wilton, 
whose lively manners, as you well know, render him an excellent 
companion. But he has nrade himself highly estimable to us on 
another account : his resolute scepticism, with respect to the more 
rational ; and his submissive credulity, as to the more popular expla- 
nations of such natural phenomena, as are beyond the reach of his 
understanding, are frequently productive of remarks, so full of 
qnaintness and of humour, as to render them, in the highest degree, 
amusing. 

Our first da/s journey was not completed, before I discovered, that 
the little knowledge, which I had obtained, wasinsuflScient to enable 
me to form, even, a conjecture, respecting the origin of the very first 
object, which particularly attracted our attention. We were within 
About ten or twelve miles of Oxford, when WitToir, looking out of 



the window of the chaise^ MLclaimed, " Well, I never »w coiuk 
mended with such materials as these before !" This, of course, drew 
my attention to the same object, which had so strongly engaged Im; 
and I am confident, that the astonishment excited in my mind wa« 
but little, if at all, less than that which possessed our iriend ; wb^ 
I beheld a labouring man breaking to pieces, with a large hammer# 
a stone nearly circular, half as large as the fore-whed of our chaise, 
and bearing the exact form of a serpent closely coiled up. Ciid- 
osity prompted me to stop the chaise, and to ask the man the name 
of the stone, and where it came from. ** Thw stone, sir," says he, 
^ is a snake ^tone, and gomes from a pit in yonder field ; where 
there are thousands of them/' We all alighted, and with surprise 
examined some of the same species of stones, which he had not yet 
broken; and which, though evidently bearing the form of some 
j&trange animal, were undoubtedly formed entirely of stone. 

As we sauntered along, the chaise following us, we came to a beat, 
though a small house, on the road side ; which a sign, stuck in the 
hedge, on the opposite ^de of the road, taught us was a house of 
public entertainment Hoping to gain some farther information, 
respecting that which had 50 strongly attracted our notice, we entered 
this, literally, hedge ale-house. But when introduced into a very 
neat room ; the casement o£ which, surrounded by roses and honey*- 
suckles in full blocmi, opened into a garden, rendered charming by the 
wild luxuriancy and profusion, with which its various productions 
displayed themselves to our view ; w!e had very little hesitaticm in do- 
termining to stop, and partake of such refreshments, as our cottage 
would yield. Whilst these were preparing, Wij^toVj who was ex«f- 
mining the furniture of the old oaken chimney piece, said, " Well, 
if the object of travdJing is to behold novelties, surely tliis country 
will yield that gratification, in the highest decree ; for among the 
various thills with w)ach this mantle-piece is ornamented, there is 
not one, of which;, I have ever seen its like/'. They now passed under 
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■ my examination, but with equal ill su(*ess : for neither had I ever be- 
held any thing similar; nor could I form any opinion respecting 
them. 

Whilst we were thus engaged, our landlady made her appearance; 
and from her we learnt, that this was her collection of curiosities^ 
made in the neighbouring parts of the country. On our requesting 
^some information respecting them, she very readily proceeded to 
conmiunicate to us, all the knowledge of them which she possessed. 
Taking up a stone, resembling those which we had seen in the road, 
but much smaller, "^Fhis,*' said she, "is a petrified snake, with 
which this part of the country abounds. These were,^ continued 
she, " fairies, and once the inhabitants of these parts, who for their 
crimes were changed, first into snakes, and then into stones. Here,'' 
said she, shewing us a stone of a conical form, " is one of the/iiiWe^ 
night^apsj now also become stone Do, madam," said she, addres- 
sing Emma, " pray observe ; is it possible that lace- work, so beau- 
tiful as this, should ever be worked by human hands ? This,'' said 
she, " and this, are pieces of the bones of giants ; who came to live 
here, when the race of fairies was destroyed." These bones, she 
informed us, were frequently dug up in several parts of the coun- 
ty ; as well as innumerable thunderbolts : some of which she also 
shewed us; stating, that these were the very thunderbolts, with 
which these people were, in their turn, also destroyed. 

We all listened attentively to our hostess's discourse; but on my 
smiling, when she withdrew, at the romantic account we had re- 
ceived, Wilton strenuously defended our good lady's narration; 
and declared, that, in his opinion, it was not without a moderate 
share of probability. On our landlady again entering the room, I 
did not indeed venture to offer any doubt of the history she had 
delivered; I only requested to know, whether she knew of any lai^er 
collection of the same kind ? " To be sure," said she ; " our uni- 
versity has a museum composed entirely of this kind of curiosities ; 



and if you be going through Oxford, it will, I dare say, be well 
.worth your while to take a view of them/^ 

When we had finished our refreshment, we left our kindly com- 
municative hostess; but not, as you might suppose, with any in- 
tention of immediately visiting the Museum of the Uhiviersity. On 
the contrary, we were aware, that, without some previous knowledge 
of the objects, which are there exhibited, the examination of them 
could not yield much satisfaction; but would serve, merely, to excite 
that curiosity, which it was not able to gratify. We have therefore 
settled it, that our visit to the Museum shall be deferred, until we 
are enabled to view its interesting contents with that satisfaction, 
which can only be yielded, when we possess some knowledge of the 
objects we contemplate. 

Thus, at our very outset, have I experienced a considerable dis- 
appointment. The objects I have already seen ; and which I have 
reason to expect I shall frequently meet with, have convinced me, 
that I am totally ignorant of the science, which teaches us their na- 
tural history : and also that, without this knowledge, the pleasure of 
my joumies must be very much diminished. How mortifying will 
it be to have objects presented daily to my view, whose form aldne 
renders them highly interesting ; and whose history is most probably 
fraught with entertainment ; and to find myself so totally ignorant 
of their origin, as not even to know in what class of nature^s works 
to place them* 

You, I know, have long made this branch of natural history your 
particular study : and I have been informed, that you possess a col- 
lection of valuable specimens of these substances, which it has ne- 
ver occurred to me to request the inspection of. To you, therefore, 
I confidently apply; and earnestly intreat you to supply me with a 
regular, and systematic history of these strangely figured substances ; 
to understand the nature of which, I am impelled by the most 
eager desire. The petition I am making will, I trust, be favour^ 
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ably attended to; when you consider^ that, without your assistance, 
the pleasure I have promised myself, in my long-proposed tour, 
will be considerably diminished : for what, to an inquisitive mind, 
can be more mortifying, than to have the curiosity excited to the 
highest pitch, without acquiring a single point, on which even 
conjecture piay be founded. 



LETTER II. 

VESTIGES OF THE INHABITANTS OF A FORMER WORLD LIME- 
STONE AND MARBLE MEDALS OF CREATION. ..-..•PLEASURES 

AFFORDED BY THIS SCIENCE ANIMALS IN THE FORMER 

WORLD, DIFFERENT FROM THOSE OF THE PRESENT. 

A o comply with the request you have made, will give me real sa- 
tisfaction; since, I am confident, should my endeavours prove 
equal to the undertaking, that I shall open to you a source of in- 
exhaustible pleasure. For, not only the country through which 
you are now journeying, but the greater part of this island; 
and even of the globe, teems with these curiously-formed stones : 
the remains of those beings, which, many ages since, depended, for 
their existence, on the various energies of vegetable or animal life. 
These bodies, every atom of which they are constituted existing in 
a different state of combination, from that in which they were origi- 
nally disposed, often retain, nearly, the exact figure which they bore 
in their primitive state. But the forms which they present to our 
view are, frequently, so different from any organized being we have 



any knotrledge of; that their appearance cannot fail to excite an 
enthusiastic admiration; and an eager desire to obtain all the infor* 
mation, respecting them, which can be acquired. 

Notwithstanding the interest which they must excite, want of in- 
fbrmati(Hi, respecting these bodies, generally prevails* Even in those 
places in this island, where they most commonly are found, all en^ 
quiries respecting them are, in general, answered only by the most 
silly tales and legends* This is, perhaps, attributable to the cir- 
cumstance of no particular treatise, on these subjects, having yet ap- 
peared in the English language ; excepting a few valuable papers in the 
Philosophical Transactions: Dr* Woodward's Catalogue of his Col- 
lection of Fossils: Mr* Walcot's Description and Figures of Petrifac- 
tions, found near Bath : some observations in Mr* Jones's Physiologi- 
cal Disquisitions: and Mr. Martin's Figures and Descriptions of Pe- 
trifactions collected in Derbyshire* What else has hitherto been pub- 
lished, in this country, respecting them,.hasbeen chiefly in those works, 
which, treating of mineralogy in general, have necessarily spoken of 
these substances, but in a most superficial and unsatisfactory manner* 
In France and Italy, and more particular in Germany, the most ar- 
dent and scientific enquiries have indeed been instituted ; in con- 
sequence of which, discoveries of the most curious and interesting 
nature have been made* These, however,^ having been published 
either in French, German, or Latin; and not having yfet appeared 
in an English dress, it is not to be wondered at, that the astonish- 
ing information which they impart, is so little known in this 
country. 

From the consideration of this circumstance, I am disposed to 
offer to the public eye whatever information I shall be able to col- 
lect, whilst complying with your request ; trusting that the interest, 
excited by the subjects of my enquiry, will be sufficient to awaken 
attention to a most pleasing, but much neglected, science. 

The illustrious Bergman elegantly describes fossils, as the medals^ 
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OF CREATION ; and, indeed, a very little advancement in the study of 
this science is necessary, to discover the peculiar propriety of the 
application of this term, to the subjects of our present enquiry. 

By these medals of creation we are taught, that innumerable beings 
have lived, of which not one of the same kind does any longer ex- 
ist — that immense beds, composed of the spoils of these aninials, 
extending for many miles under ground, are met with in many parts 
of the globe — that enormous chains of mountains, which seem to. 
load the surface of the earth, are vast monuments, in which these, 
remains of former ages are entombed — that, though laying thus 
crushed together, in a rude and confused mass, they are hourly suf- 
fering those changes, by which, after thousands of years, they be- 
come the chief constituent parts of gems; the limestone, which forms 
the humble cottage of tlie peasant; or the marble, which adorns 
the splendid palace of the prince. 

Surrounded, as we are, by the remains of a former world, it is truly 
surprising, that, in general, so little curiosity and attention are ex- 
cited by them. Wherever civilized society exists, these wrecks of 
the earliest ages may be found, yielding to man the most important 
benefits. Changed in their appearance, during the revolution of in- 
numerable ages, they sometimes manifest but slight traces of their 
former modes of existence : and, having already performed several im- 
portant offices in the economy of nature, they are now offered to 
man, as powerful inducements to the exercise of industry; and as fit 
materials, on which his faculties may be exerted. Varying infi- 
nitely in their nature and substance, according to the combinations 
into which they have entered, they become useful to man in num- 
berless ways. 

Not the smallest or rudest village is to be seen, in the neighbour- 
hood of a limestone-mountain or quarry; but it may be discovered 
that these have been ransacked to furnish the foot-path, or to aid 
tlie erection of the poor man's dwelling. In visiting the mansions 
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'cesses, serving to support animal life; and the infinitely-varied modes 
of organization, which exist even in the same being; cannot fail to 
excite an eager desire, to obtain still further knowledge, respecting 
those astonishing operations; in which, although the effects are so 
obvious and even palpable, the immediate causes demand the closest 
investigation for their discovery. In consequence of this, although 
the mind obtains a considerable fund of pleasing and positive in- 
struction, it is so far from experiencing the torpor of satiety; that it 
looks forward, with increased ardour, to the extension of its acqui- 
sitions. 

The science, into the study of which I propose to lead you, also 
possesses these advantages, in a very eminent degree. You will be 
taught, clearly, by it, that the formative and preservative powers, ap- 
pointed by the Almighty, are momentarily exerted on the smallest 
particles of matter: that nature, by which I mean the personification 
of these powers, is constantly employed also on the largest, and ap* 
parently most inert masses of matter; in accomplishing the several 
processes, necessary for the support and continuance of the earth, and 
its inhabitants. You will behold her, incessantly labouring in the 
deep recesses of the earth ; as in the laboratory of the universe, re- 
ducing to form and beauty, the mutilated wrecks of former ages. 

Nor can the mind be much more pleasingly exercised, m the re- 
gions of conjecture, than by the curious inquiries to which the con- 
templations of objects, so interesting, must necessarily lead. Many 
of the curiously figured stones, which will offer themselves to your 
observation, you will be pleased in finding, on a close observation, 
were once, as I have already remarked, beings endowed with the 
powers and faculties of vegetable or animal life. You will, by care- 
ful comparison, discover, that, of these, several species are still to 
be found, in a living state; but, most commonly, in parts of the 
world very remote from those, in which their remains are thus won- 
derfully preserved. Other animals you will find thus astonishingly 
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entombed) possessing, indeed, many of the anatomical character* 
istics of animals now existing; but differing so much, in other re^ 
spects, as to require to be considered, as entirely different from any 
which are known now to exist. Thus you will behold the bones of 
an animal, of which the magnitude is so great; as to warrant the 
conviction, that the bulk of this dreadful, unknown animal, ex* 
ceeded three times that of the lion; and to authorise the belief, that 
animals have existed, which have possessed, with all the dreadful 
propensities of that animal, its power of destroying, in a three-fold 
degree. You will also view the remains of a being of the magni- 
tude, at least, of the elephant; which was armed with tusks, equally 
dreadful, as a weapon, with those borne by that animal; and pos- 
sessing, in .addition to these, enormously huge grinders, supposed 
to bear the distinctive marks of those creatures, which gain- their 
food, by preying on those of inferior powers and size. The jaws of 
an animal bearing a near resemblance to those of a crocodile, you 
will perceive to be armed with teeth, not widely different from those 
of the sAiark. In a word, you will be repeatedly astonished by the 
discovery of the remains of animals, of which nO living prototype 
is to be found. 

When the mmd has dwelt awhile on objects so well calculated to 
impress it with astonishment, fresh subjects for conjecture, arid most 
interesting contemplation, will arise. The number of these wrecks 
of a former world, must, as well as the situations in which they are 
founds excite the highest admiration. — Not in one particular spot — 
not in one region — ^not in one quarter of the globe alone — ^but where- 
ever this world has been explored. In the greatest subterraneous 
depths, in the bowels of mountains, and on heights vststly above 
the level of the sea, are these wonderful remains to be found. But 

enough 1 have pressed so far on, as to be under the necessity 

of craving your indulgence, for credit, for the proofs of what I have 
already stated, which I promise satisfactorily to ^poduce. — In the 



12 

mean time, surely I may presume that you begin to perceive, that 
this part of natural history possesses importance sufficient, to claim 
a very considerable degree of attention. To confirm you in this 
opinion, I must add, that by these studies a more perfect knowledge 
is gained of the internal structure of this globe ; of its ancient state ; 
and, of the various and important changes it has suflfered. 

By widening the views of the natural philosopher ; by opening to 
him, fresh fields of observation ; and, by showing him a glimpse of 
other creations ; more just, and more grand sentiments, also, must be 
excited, of the immensity of animated nature, and of the power of 
the great Creator of all things. 

In pursuing these investigations, I shall, in general, adopt the 
following order. The fossil, in its present state, will be carefully 
described ; and, whenever it can be done^ the situation in which it 
is found will be pointed out; its primitive mode of existence, and 
the various properties which, by analogy, may be supposed to have 
characterised it in its living state, will be enquired into; and the se- 
veral changes which it has undergone, both in its composition and 
its structure^ will be carefully examined. 

The wonderful changes of situation, which the various objects of 
investigation will be found to have undergone, will necessarily 
demand an assiduous enquiry. The endeavour to furnish some sa- 
tisfaction on this abstruse and interesting subject, will be reserved, 
as much as may be, for the concluding part of our enquiries. This 
place it will occupy, with the most propriety; since the several facts 
and observations, detailed in the preceding part, will furnish some 
of the data^ which are to serve as the foundation for the reasonings, 
and conjectures to be advanced here. It is proper, however, in this 
place, to remark, that, on this subject, but little positive knowledge 
can be acquired; and that probable conjecture, even after the most 
assiduous enquiry, is the highest degree of satisfaction to which the 
mind can possibly attain* Indeed, the attempt to account for the 
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astonishing appearances, which the surface of this globe presents^ 
may appear to many, as indicating a very improper degree of con- 
fidence and presumption. 

To trace the operations of nature, in periods far behind all human 
record ; to pronounce opinions respecting the structure and the inhabi- 
tants of a former world ; and to endeavour to find out the ways of God 
in forming, destroying, and reforming the earth ; does certainly appear 
to be a task, to which the limited powers of man are but little adapted. 
But, since the world we inhabit is evidently composed of the wrecks 
of a former world ; the materials of which that world was composed 
are, of course, at hand for our examination. The remains too of 
its former inhabitants are frequently found preserved, in such situa-^ 
tions as teach us something, not only respecting the extent of the 
changes, which have taken place on the surface of this globe; but 
even the particular element which was employed, as the chief in- 
stniment of destruction, and of renovation. Scripture, likewise, 
corroborated by the collateral evidence of all human tradition^ sup- 
plies us with the grand leading facts ; that, after the complete for- 
mation and the peopling of this globe, it was subjected to the destruc- 
tive action of an immense deluge of water; all the fountains of the 
great deep were broken up ; the high hills that were under the whole 
heaven were covered ; and every living substance was destroyed, which 
was on the face of the earth. Chemistry and mineralogy also furnish 
us with their aid, by which we are taught the several changes of which 
these substances, under various circumstances, are susceptible* 

By these aids, we may sometimes be enabled to form> perhaps, a 
tolerably correct judgment, respecting some of the grand changes 
which took place, during the vast revolution which this planet has 
experienced. But so very remote is the period, to which our minds 
are to revert: so loose, and so light, are the grounds on which our 
conjectures are to be built: and so great is the temptation to ima- 
gination, to take the place of judgment, that, among the several 
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sjstemsy of which t shall have occasion to make mention, you, not 
only, will hardly find one on which you can venture to depend ; but 
you will discover, that the majority, so far from possessing even 
probability, rather resemble the fictions of poet9, than the reason* 
ings of philosophers. 

Yours. 



LETTER III. 

EARLY EXISTENCE OP THESE SUBSTANCES NOTICED BY XENO- 

PHANES, HERODOTUS, ERATOSTHENES, STRABO, PLINY, OVID, 
&C SKETCH OP THE HISTORY OP THE SCIENCE. 

A SLIGHT review of the history of what has been hitherto accom- 
plished, in the endeavour to promdte, and diflfuse the knowledge 
of these subjects, cannot, in itself, but be highly interesting. At 
the same time, it will shew the necessity of such a work, as is here 
attempted ; in which a summary account is intended to be given 
of the several discoveries and opinions, which have, at different 
periods, been published; since, by thus placing them by each other, 
in a fair point of view, a proper judgment may be formed of their 
respective merits, and useful truths may be the result of the com- 
parisons thus made. 

In the earUest philosophical writings, which have been transmit- 
ted to us, numerous proofs are to be found, that the existence of 
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substances, which had undergone the proeess of petrifaction, had 
not, in those ages, escaped observation, 

Xenophanes, the founder of the Eleatic sect, who wrote upwards 
of 500 years before Christ, maintained that God and the world were 
the same; and contended for the eternity of the universe. In sup- 
port of the latter opinion, he dwelt much upon the circumstance of 
petrified shells being found, in the internal parts of mountains, and^ 
in the bowels of the earth. He related, that, in the quarries of Sy-^ 
racuse, the impressions of fishes existed j that the impression of a 
small fish was found, deeply imbedded in a rock at Paros; and, that 
almost every species of marine animals had been thus preserved : 
he inferring, from the appearance of these extraordinary pheno^ 
mena, that these places must, in very distant ages, have been cb* 
vered with the sea*. 

Herodotus, who wrote 440 years before Christ, speaksf particu* 
larly of shells existing in the mountains of Egypt; and concludes^ 
from this circumstance, and the saltish emanations which injured 
the pyrahiids, that the sea had gradually retired from these parts. 

Theophrastus was supposed to have written a book, entirely on 
petrifactions; and which, though ranked among his lost works, was 
imagined to have been in the possession of Pliny; and to have 
yielded him some portion of assistance, in that part of his Natural 
History. 

Eratosthenes, who lived 200 years before Christ, when enquiring 
into the figure of the earth, also considered it as a question worthy 
of investigation — How it could have happened, that vast numbers of 
oyster, and other shells, should be found scattered in many places, 
at a very considerable distance from the sea. This phenomenon 
had also been noticed by Strato, and by Xanthus of Lydia, as well 
as by Strabo himself; who refers to, and corroborates their remarks^ 
in the first book of his Geography; particularising some of the 

* In Originis Philosophumenis, cap. xiv. p. 100. t Lib. ii. acct» xiL 
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species of shells thus changed, and the places where they were 
found. 

That these substances, which had undergone this extraordinary 
change, existed upwards of two thousand years since, in quantities 
so considerable as to have excited the attention of the Grecian plii- 
losophers, is therefore very evident. So prodigious and so exten- 
sive were the effects they noticed, that we find almost all of them 
contending for the eternal duration of the. world; finding it difficult 
to conceive any period of time, in which changes, so vast and extra- 
ordinary, could be accomplished • 

The Romans, more disposed to cultivate the fine arts, and to en- 
courage works of genius and imagination, did not pursue the study 
of natural history with much avidity. Excepting in the works of 
Pliny, but little of originality is discovered in the writings of their 
natural historians. They appear to have contented themselves with 
merely preserving the discoveries of the Greeks ; neither seeking to 
add to the stock of facts, which had been already collected ; nor, by 
their researches to ascertain, what degree of reliance might be placed, 
on the various histories of nature which had been transmitted them/ 

In the works of Pliny, who wrote near 1800 years ago; and in that 
part of his writings, which probably are considerably indebted to the 
lost work of Theophrastus, who wrote about 300 years before 
Christ, we find mention is made of several substances, which future 
observation has taught must have undergone the process of petri- 
faction. Among the most remarkable of those of which he speaks, 
is the Bucardia, like to an ox's heart — Brontia^ resembling the head 
of a tortoise, supposed to fall in thunder-storms — Glossopetra^ like 
to a human tongue ; which does not grow in the earth, but falls 
from heaven whilst the moon is in its wane — Hammites, like the 
spawn of fishes — ^The Horn of Ammon possessing, with a golden co- 
lour, the figure of a ram's horn — LepidQteSy which imitates, in va- 
rious colours, the scales of fishes — Meconites^ resembling the poppy — 
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Ceraunia and Ombriaj supposed to be thunderbolts — OstracUes^ 
which, though harder than shell, bears the name and resemblance of 
the oyster — Syringites, which is formed with cavities, by which it 
resembles the pipes of straw — Spongites, bearing the form of sponge 
— PhyciteSj resembling sea weed or rushes. 

He also speaks of a black light substance, resembling wood ; 
of stones, resembling the teeth of the hippopotamus; and observes, 
that Theophrastus speaks of fossil ivory, both black and white: of 
bones, bom in the earth; and of stones bearing the figure of bones, 
Ovid tells us, 

Vidi ego, quod fuerat quondam solidissima tellus, 
Esse fretum. Vidi factas ex eequore terras: 
Et procul a pelago concbs jacuere marinse; 
£t vetus inventa est in montibus ancbora sumniis. 

Metamorph. lib. xv. /, 262. • 

Alexander ab Alexandra^ says, he remembers to have seen in the 
mountains of Calabria, at a considerable distance from the sea, a 
variegated stone of a hard marble, in which many sea-shells, but lit- 
tle changed, were heaped, forming but one mass with the marble. 
He also relates, that Jovianus Pontanus informed him, that being 
once on the promontory of Pausilypus, near Naples, he saw in the 
middle of a piece of a stone, which was broken from the rock by 
the violence of the tempest, a wooden beam, surrounded on every 
side by stone, and grown into one body with the rock. 

Tertullian also-f, anxiously endeavouring to prove, from natural 
appearances, that a general deluge had, according to scripture, 
taken place; dwells, particularly, on the discovery of the remains of 
marine animals on mountains, and on various parts of dry land, at a 
considerable distance from the sea. 

For several succeeding ages, the writers of natural history were, at 

*Genialum Dicrum, liber quintus, 1532. t De Pallio, cap. ii. pag. 6. ed. Sahnas. 

D 
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least, with pespect to their account of these stibstances, little more 
than mere copyists of Pliny; who, although he had affixed names to 
these substances, descriptive of the forms they possessed, meant hot 
thereby to give any opinion as to their origin* 

In the thirteenth century, Albert le Grand* speaks of the branch 
of a tree being found, on wliich was a bird's nest; with birds 
contained in it, the whole being a mass of stone. The vis format iva 
of Aristotle was, however, sufficient to account, in the opinion of 
Albert, for this extraordinary phenomenal- But the opinions, which 
were entertained at this period, respecting these substances, were 
exceedingly incorrect. The doctrine of equivocal generation, which 
had been adopted by the disciples of Aristotle, contributed very 
much to mislead those who made these substances the subject of 
their enquiries; since, by also adopting the aid of certain occult 
qualities, their origin was supposed to be thus satisfactorily account- 
ed for. Certain plastic powers were supposed to employ their in- 
fluence in the earth, in creating substances, which bore the figure 
and resemblance of various vegetable and animal substances. To 
account for their formation, therefore, it was thought sufficient to 
refer to the hidden powers of the vis plastica, the vis formativa, and 
the vis lapidificativa. 

In the sixteenth century, about the year 1517? the workmen em- 
ployed in rebuilding the citadel of St. Felix, at ^Verona, discovered, 
that the rock, on which it was built, was full ofpetrified shells. This 
discovery excited the attention of the learned, to a very considerable 
degree ; some attributing them to the active influence of the vis forma- 
tiva; whilst others, perceiving their exact resemblance to real shells, 
declared, that they must be actual marine bodies thus enveloped in 
stone, by 'some accident. We learn, that when Fracastorius was 
asked his opinion respecting this phenomenon, he made for answer, 

* * Mineral, tract. I. lib. i. 
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that it had been attempted to be accounted for in three different 
ways. Some attributed it to the vis plastica and formativa of Ari- 
stotle: others suppoled these substances to have been real marine 
bodies, deposited in these places at the time of a general deluge:, 
whilst others had adopted that opinion, to which he himself was 
most inclined ; that the parts, where these marine bodies were found, 
had fonnerly been covered with the sea, which gaining insensibly 
in some parts on the dry land, gradually changed its bed, leaving 
the positions it had formeriy occupied for the cultivation and pos- 
session of man*. 

In the sixteenth century, Agricola, to whose indefatigable spirit 
of enquiry, mineralogy is very much indebted, spoke much more ex- 
plicitly of extraneous fossils than had hitherto been done. He par- 
ticularly mentions the entrochi, and relates several instances of 
trees, and parts of trees, being found in a petrified state, at consider- 
able depths in the earth -f-. But it is evident, that Agricola was not 
partial to enquiries respecting extraneous fossils; his attention was 
chiefly engaged in mineralogy, to the promotion of which his in- 
dustry added very considerably. 

In 1565, Conrad Gesner published, at Zurich, a work of great me- 
rit, De Reram Fomlium^ LapiduiUj et Gemmarumj Figuris. About this 
time John Kentman, a German, collected a cabinet of petrifactions, 
which, considering the period in which it was formed, appears to 
have been very reif|HM$table. The catalogue of it is contained in 
Gesner s work. Abo%it the same time Valerius Cordus, a celebrated 
physician, undertook to publish a general oryctography of Ger- 
many; but does not appear to have received such encouragement, as 

would have warranted the prosecution of his plan. 

■ 

* Bonani Museeum Kircfaeriaiiuin, p. 198. MussBum Calceolarii et Muaeeum Com. 
Moscardi, p. 172. 

t De Ortu et Causis Subterr. lib. iii. et De Natura Fossil, lib. vii. 



20 

Toward the close of this century, Bauhin formed a copious col- 
lection, and published the necessary descriptions of the petrified 
shells, which were found near the baths of Boll. This descriptive 
catalogue is to be found in his Historia novi et admirabilis Fontis 
Balneique BoUensiSy in Ducatu Wirtembergico. Montheillard^ 1598. 

About the same time Michael Mercatus wrote his Metallotheca 
Vaticana^ which was not, however, published until the year 1717y 
when it was given to the public by Lancisius, physician to the pope. 
The opinions of Mercatus not diftering from those which prevailed 
in the age he wrote, are not indeed very interesting; but the notes 
of Lancisius, and the figures, which are executed in a very masterly 
manner, and convey, very accurate ideas of the bodies they repre^ 
sent, render the work of value. 

In the seventeenth century, the collections of fossils became much 
more general. Only two catalogues of collections had hitherto ap- 
peared, but now several very extensive ones were published. In 
1622, appeared a copious description of the celebrated museum of 
Calceolarius, of Verona; and twenty years after that was published 
the catalogue of Besler's collection. In 1652 appeared Wormius^s 
catalogue; in l663 was published Spener's, and in I666 Septala's. 
An account of the museum of the king of Denmark was published 
in 1669; in 1674 Cottorp's catalogue appeared; and in 1678 was 
published that of the celebrated Kircher. In 1687 Dr. Grew wrote 
an account of the curiosities, which were contained in the museum 
of Gresham-College ; and, in the year 1695, appeared, the catalogue 
of Petiver, an apothecary, in London, who,, at a vast expense, had 
formed a most valuable collection. 

The earliest writer on these subjects^ in this century, was Caspar 
Schwenkfeld, who, in I6OO, published a catalogue of the fossils dis- 
covered in Silesia. But the most intelligent writer, of this period, 
was Fabius Columna, who published, in I616, his treatise De Glos- 
sopetrisj a work of considerable merit, intended to correct the erro- 
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neous opinions which had been entertained respecting these parti- 
cular substances. In this century also, John Johnston, in the No- 
titia Regni Mineralis, Lipsim, I66I, described several petrified shells: 
he also particularly treats of the Comu Ammonis^ but evidently 
without supposing it to have been a shell. Numerous accounts 
were given respecting the astonishing properties which some of 
these figured stones possessed : and so fabulous and absurd were the 
greater part of them, that nothing but the darkness of the age could 
excuse the positive manner, in which they are related^ and the firm 
belief which some appeared to have placed in them. One of these 
I will venture to introduce, leaving you to judge from that of the 
rest. It is related in Historia Naturce Joannis Eusebii NierembergiL 
Antverpice, 1635. pag. 430, cap. De Lapide in InsulA Mond. 

" There is here a stone almost shaped like a human thigh, which 
possesses this wonderful property, that being Carried away to any 
distance, it returns, of itself, the next night; as has been fre- 
quently found, by those who reside here. Hence it happened 
that Count Hugh, having heard of the power which this stone 
possessed, had it secured, by strong iron chains, to another stone, 
which was much larger than it, and cast at a considerable distance 
into the sea: but when morning dawned, to the wonder of the 
multitude, the stone was again found in its former situation. On 
this account, therefore, it was prohibited, by a public edict of the 
count's, that any one should again attempt its removal. But, it hap- 
pened, on a time, our author informs us, that a certain countryman, 
for the sake of making a fair experiment, bound the stone to 
his thigh — directly the thigh became mortified, and the stone 

escaped, and returned to its former situation. ''r^ But to return to 

our sketch. To enumerate all the writers on oryctology of this 
period would be unnecessary ; it will be suflficient to mention some 
of those authors, whose works deserve most particular attention. 
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Nic. Steno, in a dissertation, De Solido intra SoUdum ContentOy pub- 
lished in- 1639> at Florence, displayed a considerable degree of sound 
judgment in his enquiries respecting these substances. The Museum 
Metallicum of the indefatigable and illustrious Aldrovandus, publisk- 
ed in 1648, also contains the descriptions and delineation of several 
fossil bodies. Tlie work of Augustino Scilla, De Corporibus marinis la- 
pidescentibus^ published at Naples in I67O, also contained a consider- 
able portion of information, the result of most careful and anxious 
enquiry. About this period too, several learned men undertook to 
publish the oryctological history of several different parts of Germany, 
Italy, &c. Thus the fossils of Silesia were described by Caspar 
Schwenkfeld ; those of Hildesheim by Frid. Lachmund^ in I669 ; and 
J:hose of Switzerland, in I68O, by Jo. J. Wagner. About this time 
was also published a dissertation, by Jo. Dan. Geyer, at Frankfort, 
De Montibus conchiferis et glossopetris Alzeyensibus ; and at Leipsic, a 
dissertation by Albertus, De Figuris variarum Rerum in LapidibuSjet 
s^peciatim Fossilibus^ Comitatus MauffeldicB. Nor were the fossils of 
this country neglected ; the Lithophylacii Britannici Ichnographia 
of Lhwyd, published at Oxford in 1669, contained a very ample ca- 
talogue of English fossils^ contained in the Ashmolean Museum. In 
1664 was published, by Thomas Lawrence, Mercurialis Centralis ; or 
an Account of Subterraneal Cockle and other Shells in Norfolk. 
Several English fossils are also described in Doctor Plott's Natural 
History of Oxfordshire, published in I686; as well as in that of 
Staffordshire, written by the same author. In the Natural History 
of Northamptonsliire, by Dr. Morton, and in Dr. Leigh's Natural 
History of Cheshire, Lancashire, and of the Peak of Derbyshire, 
which were published nearly at this time, several curious particulars 
are recorded, relative to fossil bodies found in these parts. But the 
most important publications of this period, which related to these 
substances, were those of Dr. Woodward, particularly, the Natural 
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History of Engli^ Fos»ik. This valuable work contains a cata* 
logue of that raiuable coUectiofi of fossils which the Doctor had 
farmed, and which is aow in the possession of the University of 
Cambridge. Some notice is aiso taken of these substances in Chris-* 
topher Merrets Pina^ Rerum naturalium Britanmcarum^- the first 
part of which was published in 1667; at the same time Mcms. 
Childrey published, at Paris, L'Histoire des Singnlarites naturelles. 
d'Angleterre, ^Europe, et du Pays de GaUeSj in which several fossil 
substances are spoken of. 

Rieske, Major, Kirchmajer, and Sachs, deserve also to be mention* 
cd, for the aid they yielded to this science at this period. Several very 
valuable contributions also appeared, in different periodical publica- 
tions, illustrating several parts of the science. Among those most 
worthy of attention, a dissertation of Wolfgang Wedel may be 
placed, with the utmost propriety. In this dissertation, De ConcfUs 
saa^atilibus^ which he introduced in 1672, in the Ephemerides pub- 
lished under his direction, he differed widely from his cotempora- 
ries ; and unreservedly asserted, that the stones, bearing the form of 
shells, were actual petrifactions; being natural shells converted into 
stone. 

Among the last supporters of the opinions, of the generation of 
these bodies in the bowels of the earth, may be mentioned the cele- 
brated Langius, who strenuously contended for their having thus 
obtained their forms and existence: Dr. Plott, who believed their 
figures to be the operation of certain plastic powers, with which cer- 
tain saline bodies were endowed: and, lastly, Lhwyd, who combated 
the vis plastica of Plott, and supported the ideas of their production 
from the seminia of fishes, &c. raised with vapours from the sea; 
and conveyed by the clouds and rain, through the crevices into the 
internal parts of the earth. The more rational conjecture of Wood- 
ward, who attributed their situation to the effects of the general 
deluge, was rendered of less effect, in opposing these notions, from 



his having attributed to the waters of the deluge, an ahnost universal 
solvent power; by which he supposed the rocks atid mountains were 
melted down, and thus allowed the admission of these substances 
into their external parts : not considering that, by the same power, 
these bodies would themselves have been reduced to a mass, not 
bearing their proper figures. 

Nothing, perhaps, contributed so much towards diffusing a proper 
idea respecting the origin of these substances, as the Historia Anima- 
Hum AnglicB which contained some excellent remarks, De Lapidibus 
ejusdem Imulct ad Cochlearum quandam Imaginemjiguratis. Land. 1678; 
and the Historia seu Synopm methodica Conchyliorum^ l685, all writ- 
ten by Dr, Lister, By these publications the student was enabled to 
form a comparison, between the original shell, and the similar shell in 
a fossil state; since, in several instances, the Doctor had displayed in 
his plates, the same shell in both states. How much this must 
have contributed to producing a just judgment, of the real nature 
and origin of these substances, must be obvious ; and to this circum- 
stance, perhaps, we ought in part to attribute the change of opi- 
nion, which very generally took place at this period. Still, however, 
the science was involved in that cloud, which had so long obscured 
it. The vis plastica^ the vis formativa^ and the sportive creations of 
nature, were terms yet in frequent use. Those who were more than 
half convinced, but had not quite shaken off the influence of a long 
adopted opinion; as well as those who, though quite convinced, had 
not the courage to acknowledge having been in error; spoke of these 
bodies in the indefinite language of lapides Jiguratij lapides idiomor-- 
phi J lapides qui jiguram habent conchce^ cochlece^ ^c. Some indeed 
would venture to term them conchce lapidece^ ostrea lapidea^ SfC. 
carefully avoiding to speak of their origin, or to admit them to be 
bodies, changed from their original animal state to that of stone. 

Careful investigation, however, having now rendered it manifest, 
that these substances were neither the productions of chance, nor 
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the creatures of these imaginary capricious p9wers, they excited 
more general attention: being better understood, they became more 
capable of systematic arrangements, and the study of them em- 
braced more of science. 

The eighteenth century, therefore, commenced under the most 
favourable circumstances for this science. The learned and indus- 
trious Scheuchzer, who had adopted the most rational theory respect- 
ing the origin of these substances, published, in 1702, his Lithogra^ 
phia Helvetica Cwriosa I which was followed by his Piscium Qiterek^ 
et Vindicice^ in 1708; with his Herbarium Diluvianum^ in 1713; and his 
MuscBum Diluvianum, in 1716. Mylius, Bajer and others, also, about 
this time, published the oryctological discoveries which had been 
made in the several parts in which they resided, or which they had 
explored. Among these writers, none deserves more particular men- 
tion, than the accurate and diligent Rosinus; whose examination of 
the encrinus may be regarded as a model by which all similar en- 
quiries should be directed. His projected works promised very con- 
siderable addition to the knowledge of fossils ; but these were sup- 
pressed by his premature death. Bruckman also pursued this kind 
of enquiry, with the utmost assiduity and success; which is rendered 
evident by his work, de Lapide Nummali Transylvanuz ; as well as, by 
the numerous observations to be found, in his epistolary accounts of 
what he had discovered, worthy of notice, in his various travels. The 
works of Ritter, which were published also about this time, contain 
much oryctological information. Indeed the science, now rendered 
respectable, by being divested of the numerous absurdities, with 
which ignorance and false philosophy had loaded it, was assiduously 
cultivated by many learned and ingenious men ; and became more 
and more interesting, from the numerous objects of astonish- 
ment it displayed. Linck, Jacobus a Melle, Harenberg, Ehrhart, 
Volckman, Klein, Donati, Reaumur, with many other men of 

£ 
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learning, aided the progress of the science by their well directed 
labour. 

One work, published in 1726^, deserves to be particularly noticed; 
since it plainly demonstrates, that learning may not be sufficient to 
prevent an unsuspecting man, from becoming the dupe of excessive 
credulity. It is worthy of being mentioned, on another account : 
the quantity of censure and ridicule, to which its author was exposed, 
served, not only to render his cotemporaries less liable to imposition; 
but also more cautious in indulging in unsupported hypotheses. 
Hie work is intitled Idthagraphice Wirceburgensis Specimen Primumj 
and was written by Dr. John Bartholomew Adam Beringer. We 
are here presented with the representation of stones, said to bear pe- 
trifactions of birds ; some with spread, others with closed, wings : bees 
and wasps, both resting in their curiously constructed cells, and in 
the act of sipping honey from expanded flowers : spiders weaving 
their webs : moths and butterflies engendering : and, to complete 
the absurdity, petrifactions representing the sun, moon, stars, and 
comets: with many others too monstrous and ridiculous to deserve 
even mention. These stones, artfully fwrepared, had been intention* 
ally deposited in a mountain, which he was in the habit of exploring, 
purposely to dupe the enthusiastic collector. Unfortunately, the 
silly and cruel trick succeeded so far, as to occasion to him, who was 
the subject of.it, so great a degree of mortification, as, it is said, 
shortened his days. 

In the middle of the eighteenth century, a more strict and close 
mode of philosophising, than had been hitherto employed, appears 
to have been generally adopted : this is evident in almost all the 
writings which were published on these subjects at this period. 
Correctness of judgment, and propriety in arrangement, became 
now generally conspicuous. This we can, without the least hesita- 
tion, attribute, in a great measure, to the advantages which this 



$7 

science derived, with mineralogy, from the well directed labours of 
those, who strove to place the different productions of nature under 
appropriate classes. On this accoimt, much is undoubtedly diie to 
the scientific exertio&s of Xinnseus and of Wallerius: both of theiie 
writers, in their different systems of arrangement, having taken a 
very comprehensive view of the objeiSts of our enquiry. The oryc* 
tology of D^Argenville is replete with information, which mUst be 
highly acceptable to the admirer of lithology. Gesftet's (Jo.) dis- 
sertation De Petrificaiisj published in 175&, is highly valuable, as a 
faithful and neat compendium of the scieiice. The Trait6 des Petri* 
factions of Bourguet is a work still more udeful; from its uniting 
with accurate description, the illustration of faithful plates, and 
the advantage of a convenient arrangement. But the work, which 
comprises the most information, and indeed, from which every lover 
of the science must derive the greatest degree of satisfaction and 
pleasure, is that of the celebrated Mr. Knorr, published in Ger- 
many, entitled, Recueil des Monumens des Catastrophes qui la Globe 
de la Terre a essuiSes. This magnificent work, contained in thr^6 
folio volumes, and adorned with elegant coloured * representations 
of different specimens, was began by the learned G. W. Knorr, 
and at his death was continued with equal care and zeal by Mr. 
Walch. 

The only works, entirely devoted to these subjects, which have ap- 
peared in England since the republication of Lhwyd's work, are. 
Descriptions and Plates of Petrifactions found near Bath, by John 
Walcott; and Gustavus Brander's Fossilia Hautoniensia^ in Muscto 
Britannico deposita; the scientific descriptions of which were written 
by Dr. Solander. Through the whole series of the Philosophical 
Transactions of the Royal Society of London, is dispersed a consider- 
able portion of information respecting the reniains of the ancient 
world, in communications from Sir Hans Sloane, the Hon. Daines 
Barrington, Dr. Stukeley, Dr. Molyrieux, Dr. Mortimer, Dr. Cam- 
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per, Dr. Hunter, Mr. Ray, Mr. Joshua Piatt, Mr. Da Costa, Mr. 
John Hunter, and many other gentlemen distinguished for their 
avidity of research, and their extensive knowledge respecting 
the astonishing productions of nature. The AoademuB Scientiarum 
Imperialis PetropolitaruB Commentarii contain some very excellent 
papers on these subjects, by Professor Pallas. — ^The Societatis Regut 
Scientiarum Gottingensis Commentarii^ the Memoir es de F Academic 
Bjoyale des Sciences^ also contain several very instructive papers. In 
the Transactions of the American Philosophical Society, some in- 
teresting papers have lately appeared, by Thomas Jeflferson, Esq. 
Dr. Wistar, and Mr. Turner, respecting the bones of various un- 
known animals, which have been discovered in that part of the 
world. 

In 1781 were published some very interesting observations on 
these subjects, in the Physiological Disquisitions of Mr. William 
Jones. 

In .1793 was published, by Mr. Martin, of Buxton, Figures and 
Descriptions of Petrifactions collected in Derbyshire. Of this work 
only seven numbers have been yet published. The figures are given 
with such fidelity, and the descriptions with so much accuracy, that 
it is only by supposing the natural history of these substances is not 
so generally known, as to have excited a sufficient degree of interest 
in collectors, that we can account for the public demand not having 
called for their more frequent publication. 

Cuvier, in a paper given into La Societe d'Histoire Naturellcj at 
Paris, has published some important remarks on the fossil remains 
of various unknown animals ; and has likewise announced his inten- 
tion of publishing his enquiries on this subject, on a very extended 
scale. From this work so much information is to be expected, that, 
I doubt not, its publication will prove an important epoch in the 
history of this science. 

It must, however, be acknowledged, that during the last fifty years, 



trations of Mr. Donovan, the scientific publications of Dr. Shaw ; 
and- the ingenious lectures on Comparative Anatomy by Mr. Ma- 
cartney: not to particularise the numerous interesting observations 
of Mr. Home, Mr* Corse, and various other ardent admirers of natu- 
ral history. The science then, the study of which is here intended to 
be promoted, and which not only deserves to be considered as supple- 
mentary to zoology and mineralogy; but as the medium by which 
the one may be connected with the other, cannot surely but parti- 
cipate in the attention they obtain. 



LETTER IV, 

OPINIONS RESPECTING THE ORIGIN OF THESE BODIES... .PLASTIC 
POWER... .TRANSLATION OF SEMINAL PRINCIPLES. ...GROWTH OF 
STONES. ...TERMS.... FIGURED STONES. ...DILUVIAN STONES... .FOS- 
SILS, EXTRANEOUS OR ADVENTITIOUS... .NEW TERMS PROPOSED 
....SECONDARY FOSSILS, VEGETABLE OR XHJIUAL.... FOSSILIji 
VULGO D/Cr-^.... IMPRESSIONS CASTS... .FIGURED STONES. 

X o stumble at the very threshold, is, I acknowledge, rather un* 
graceful, and not very promising; but remember, that sometimes, 
the blame may lay in the stumbling block, and not in the man. 
This, I trust, will prove to be the case, in the present instance. I 
have to speak of substances, which, in my opinion, have never yet 
been designated by appropriate terms : and to treat of a science, 
which has not yet acquired a peculiar name. 
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to be proofi) of this species of vegetation ; since their volume was ob- 
served evidently toencrease, and apparently in determined forms. 

Prom the total i0iOTBfife which subsisted respecting these sub- 
stances, all the earlifer writers contented themselves with employ- 
ing words to describe them, which denoted their resemblance to 
certain forms; describing them, generally, as figured stonks 
(lapidesjigurati ^ lapides idiomorphi). Others, who supposed they 
owed their forms to certain extraordinary changes, which took place 
at the period at which the earth was overwhelmed by the general 
deluge, described them as diluvian stones (lapides diluviam). 
But whilst they thus, with the utmost propriety, employed such 
expressions as were, at least, not likely to mislead, they, of neces- 
sity, were confined to such as were deficient in significancy. 

But when the discovery was made, that most of these figured 
stones were remains of subjects of the vegetable and animal king- 
dom, these modes of expression were found insufficient; and, whilst 
endeavouring to find appropriate teims, a considerable difficulty 
arose; language uot possessing a sign to represent that idea, which 
the mind of man had not till now conceived. The nature and 
origin of these substances had long been enveloped in the darkest 
ignorance; and when sufficient rays of light had broken in upon 
them, to enable the philosopher to view them more distinctly, he 
plainly saw the important relation, which they bore to the history 
of our globe; and found himself engaged, in the contemplation of 
objects almost unknown; and in the study of a science, entirely new. 
This occurring, at so late a period, when language was fully esta- 
blished, and when every word had its peculiar office allotted to it; 
necessity drove him to the alternative of either, coining new words, 
or of selecting, from those already in use, such as might be adopted 
for the description of these substances. The latter mode was pre- 
ferred ; and the word fossil^ which had hitherto been appropriated 
to the whole of that class of bodies, which had been ditg out of the 
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consisted. It^ therefore. Can be employed to describe onl j tbat par^ 
ticular Variety of the species^ to which it actually belongs. 

The word fossil appears to be the only word our language can 
supply, which is capable of being employed as the tenn denoting 
these Bubstanceis in general. The propriety of adopting it will appear,, 
when we conisider its deriration, and the characteristics of the 
bodies it is intended to signify. In the contemplation of these bodies, 
thk^e circumstandes ofibr themselres for our particular notice: first, 
their having beeti dug out of the earth; secondly, their original 
mode of existence; and, thirdly, the nature c^ the change which 
they have undergone. The term fossil, if its meaning be as« 
sumed, strictly from its derivation, must be acknowledg«l to mean^ 
afty mineral substance dug out of the earth ; but, whim it is recoU 
kcted, that these bodies, in general, exhibit, to the senaeil, the most 
obvious marl»s of tbeir origin, and of the changes they havo under^ 
gone, it was sufficient for the common purposes of speech, that tiie 
word selttoted for them should express their other gntnd character^ 
T»ti(i*-^th&it bemg dug out of the earth. But, although, whctt ^ba 
body is ittetf pfesent, and manifests to iht senses, that, for instance, 
it was onee wo«d, but is no^ fluit, the applying to it the term fbf^ 
sil entirdy compkti^ tbe idea; ytel this is^ not sufficient, in written 
kngimge, wh«{« the senseik <6annot thus supply, that which 19 defi^ 
cient in the term. Here appropriate epithets must be added, ex*' 
ptes6ive of those parts of the idea, whichu are not already expressed. 
Tfie epiihfeti feitmnedus or adventitious, proposed by Sir John Hi!!^ 
and gen^i&lly adopted to the pres^it time, are, in my t>pinion, ob^ 
jfettionablfe ; ttot tftAy becau^ they dk) not comprise the two ciipum^ 
dtances, whieh Me required to be expressed ; but also becauae they 
convey opinlttiib wtpiecting th©»e substaaoes, which a do»er exami^ 
nation will show are ill founded. 

The term extraneous denotes, that the substance spoken of, is 
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be natives of, and to have existed primitively in, the slibterraneali 
regions: such are the: metals, stones of the granitic class, and most 
of the various substances, of which the primitive mountains are 
formed. Under the secondary fossils*, I plftce those substamees, 
which bear indisputable testimony, in their structure and forai^'of 
their having existed in an organized state; and which are theiefoie 
known to have had an animal or vegetable origin ;: but which have 
afterwards entered into, and become; subjects of the n^neral 
kingdom. 

Secondary fossils, which are alone intended to hk the subjectg 
of our inviestigation, may, according to their origin, be divided into 
two classes, vegetable or animal fossils. Each class will be 
found also capable of a further division, into orders, genera, and 
species;, which classification, although impossible fe) be made cor- 
respondent with that of their recent analogues, will certainly, how- 
ever, yield some d^ree of perspicuity to the observations^ offered 
in this work. The varieties of the species can seldonn be expected*^ 
to be discoverable in our specimens; this term, therefore, may be 
adopted for those varieties dependent on composition; and which 
may be distinguished by' the epithets, appropriated to the several 
kinds of matter of which they are formed: isuch as siliceous, cal- 
careous, aluminous, bituminous, &c. Thus, I hope, without adopt- 
ing any harsh or offensive change, all confusion of terms may be 
avoided, and an intelligible mode of expression secured 

It is proper to observe here, that I shall consider as fossil bodies^ 
some substances, which, by writers of considerable authority, hav^ 
been deemed unfit to come under that denomination. The sub^ 
stances which I here allude to, are those which, having lost, by the 
decomposing powers of certain subterraiiean processes, not only all 
the softer parts, but almost the whole of those principles which are 
peculiar to animal or vegetable substances, seem to retain] only the 

^ IVanmbstantiata, Linmei 
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Besides the bodies already mentioned, we shall have, occasion^ 
ally, to notice certain fioueed stones *, which, independent of 
the interference of any animal or vegetable body, prelient the ie^ 
semblance of some body, not of the mineral kingdom. When this 
IS the result of the fortuitous concurrence of certain marks on the 
surface, they have been termed lapides pictij and graptoUthi; and 
when the resemblance depends on the whole external form, they 
have been named lithoglyphi. 

Should our old friend Wilton complain of this letter being too 
dry and traentertaining, remind him, that unless our terms are de« 
fined, there never can be a hope of our obtaining a good under^ 
standing. Promise him^ that our pursuits* shall yield him a large 
stock of entertainment^ with a full share of the marvellous. Assure 
him^ that he shall hesr 



-Of antres vast, and desettt idle, 



Rongli qnarrietr, rcdor, and hilb, wkose keads touch beavmi. SkaJbpeMre^ > 

Tell him, I hope his feith will be comprehensive enough to. enable 
him to receirCy with full credit, the accounts delivered by Baptista 
PulgosuSy Liidoivicus Moscardus, and Theodorus Moretus, that a 
whole ship, with its anchors, broken masts, and forty mariners, with 
their merchandize, were found, in the year 1460, in a mine fifty 
£athom deep, in the neighbourhood of Berne, in Switzerland -f-. Re- 
late to him, that Valchius, in his Commentary on the Klein Baur, 
tells us of a truly curious fossil man, found at Maria Kirch, near Stras* 
burgh, by a miner, who, breaking open the hollow of a rock, was 
astonished at beholding the figure of an armed man, standing up- 
right, now composed of a mass of silver, of five hundred pounds 
weight. If his interest and astonishment be not hereby sufficiently 

* Lapides figurati — Lithomorphi, Wallerii. 

t Musco di LudoY. Moscardo. lib. ii. cap. 5. Theodor. Moreti, tract, de JEitr. 
Maris, cap. 21. Baptist. Fulgosi Diet. & Fact. Mem. Collect, lib* i. cap. 6* 
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The globe which we inlitetfoity presents, ereiy where, a surface^ 
more or less irregular. In some places^ gentle risings and declivi^i^ 
ties only are found : in others, the elevations are vast and lofty ; and 
are accompanied by proportionate vallies^ In s(Hne parts, the dry 
land, interrupted only by slight intersections, for the currents of 
rivers, stretch into immense continental tracts: whilst in others^ 
prodigious excavations, in the substance of the earth, serve as the 
receptacles of immense oceans of water. These, it is allowed, ex^ 
ceed, in the sum of their extent, that of the dry land; and bear a 
very near proportion, in their depth, to the height of the loftiest 
mountains. 

Mountains are, with propriety, divided into primitive, or prime-t 
ral; and secondary, or epizootic. The primitive and secondary 
mountains differ, not only in their composition, but even their 
form. 

The primitive mountains are composed of granites, and of stones 
of the granitic class; of porphyry, jasper, serpentine, sand-stone^ 
trap, and sometimes, but more rarely, of lime-stone, fluors, gypsum, 
&c. These substances, sometimes, lay in strata; but, most fre^ 
quently, they are found in huge blocks ; thus a granite mountain, 
about thirty miles from the Cape of Good Hope, called the p£arl 
DIAMOND, rises out of the ground, to the height of about 400 feet, 
being half a mife in circumference ; and formed of a single block of 
granite. These mountains never cover secondary mountaini^ but 
are often covered by them. They are commonly the highest ridgea 
in any chain, and terminate, generally, more narrow and sharps 
than the secondary. 

The most distinguishing character of these mountains, according 
to Mr. Kirwan, is a circumstance which particularly demands youf 
attention — ^no organic remains, he says, are to be found, in the in- 
terior part of the substance of the stones of which tj^ey are com^ 
posed. 
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the fitter gravel ; which likewise varies, indiflferettt paits, in its degree 
of fineness, and ict its colour. Underneath these are the infinitely 
varying strata of sand-stone, lime-stone, &c. which serve, with the 
trunks of trees., which have grown in, and which have been nourish-* 
ed by, the first layer; and witli the bricks and tiles, made from the 
secMid kiyer, to supply the materials, of which the dwellings of 
man may be composed. They also serve, with the sand and gravel 
of the third stratom, to supply that kind of surface to the earth, in 
those parts which are most inhabited by the civilized part of man^ 
kind, as may best contribute to ttie comfort and expedition of the 
intercourse, which must, necessarily, take place between the inhabit 
tants of distant parts. These strata of stone, varying perpetually 
ia their colour, solidity, and texture, form, in some places, the 
ceilings and floors of the vast subterranean caverns, which are IbuHd 
in various parts of die world ; and which often contemn, as 4e those, 
pasticularly, in the principality of Bayreuth, and in the Hercynian 
forests, very interesting specimens of those remains, which are^ the 
objects of our particular research. They also form the sunxMudii^ 
parts of those mnes, whick contain the valuable metalis^ which cip- . 
vilized man fonnts into innumerable articles of utility^ and of imukr 
ment. Beneath schistose or slaty strata, are, generally, foufid the 
immense beds of coal, so necessary to the ^comfort, and, in some ^i* 
tuatiokis, even to the existence of man. These strata do not always 
follow each other m regular order; since sand and gravel are,son^e- 
times, ibnnd at a considerable depth, and trap, or rag-stcMi^, is often 
interposed between them, in various directions. 

In alhnost all these strata, even to a very considerable dej^th, the 
remains of vegeftables and animals, which have existed in former 
remote periods, are frequently found: and, in general, possess 
the same physical and ohemical properties, and are ccm^posed of. 
i^milar constituent parts, with the strata themselves. Whal; thes^ 
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tuent of the pebbles and sand, which form the third stratum I have 
mentioned. It is difficultly acted on by any acid, except that 
which is obtained by distillation from Derbyshire fluor spar; and 
which is termed fluoric acid. It is, however, very powerfully acted, 
on by the alkalies, which promote its fusion : and, when thus com- 
bined with it, in a certain degree, form glass. It is this earth, which 
chiefly forms the common Jlint^ and horn-stone; the more pure chal- 
cedony ; and the still purer quartz^ or rock crystal; the variously 
figured agate; the arborised mochoa; the beautifully marbled Jm- 
per; the sportive Egyptian pebble; and the finely veined wood- 
stone^ still retaining the mark of every fibre, which regulated its 
pristine structure. Combined with a certain portion of alumine, 
it forms the chief constituent of the amethyst j topazj and va- 
rious other stones, which, from their brilliancy, hardness, and colour, 
^re estimated as gems. This earth, also, chiefly helps to constitute - 
the granite^ of which the primitive mountains are formed. This stone 
frequently displays, in a most beautiful and distinct manner; the three 
substances of which it is composed. The feidspar^ the constituents of 
which are silica, alumine, and magnesia, will, be seen, generally, in 
oblong, curd-like masses, of various ^izes. The micay composed of 
the same constituents, but in diflferent proportions, will appear ge- 
nerally in grains, about the size of a pin's head, of different colours, 
but, most commonly, black; and, sometimes, in white flakes of a 
metallic lustre. The quartz will be found interposed between these, 
generally of a greyish colour ; and appearing to be the medium by 
which the otlier two substances are agglutinated together. 

Lime is* the earth which chiefly forms the various lime-stones, 
which are placed, in different layers, beneath the beds of clay and 
sand. This earth is rendered tolerably pure, when, by intense heat, 
it is made into quick-lime. It fuses, when combined with flint and 
clay ; and readily combines with acids. It is soluble in 700 times 
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With the phosphoric acid^ an acid originating in the animal king- 
dom, lime also frequently conbines, to form phosphate of lime. Bj 
this combination, is also formed phosphorite^ a st(»ie found in lar||a« 
masses, chiefly in Spain and in Germany. 

Lime has been supposed by those of high authority, to have been 
entirely of animal origin. This, however, cannot be admitted; al- 
though it is indubitable, that a considerable portion of it has pass- 
ed through the animal kingdom : vast masses existing of animal re- 
mains, resolved into this earth, which still retain sufficient of their 
previous structure, to point out the form they had originally 
borne. 

Magkesia is a very light substance, and soluble in about 2000 
times its weight of water. The various stones, in which magnesia 
predominates, almost always shew its presence, by a smooth and 
unctuous feel ; this is particularly the case with the various steatkeSj 
or sMp^fftones. They also^ sometimes manifest a flaky structure, as 
is the case with eommonr tajh. Sometimes they display a striated 
texture^ with a lustre of the silky kind, as in the amianthus^ and m 
the c^bestos; the stone, firom which may be made incombustible 
cloth. Serpentmey a stone which, from the disposition of its colours, 
is supposed somewhat to resemble the skin of a serpent; and whicb 
has rather a soft, and somewhat of a greasy feel, with a silky lustre^ 
is composed of thk earl^, with a certain quantity of silica, and a 
very small porticMi of iron. 

Shlphurets op mbtals, and particularly that of iron, found at 
various diepths, and frequently e»tering into the composition of se- 
condary fossils, demand a few words. These are the substances 
more commonly known by the name of pyrites^, or marcasites, and 
are formed by the intimate union of sulphur with some of the me- 
tals. They, in general, shine with a brHitent metalMc Itrstre: and 
when they do not, they frequently suifer decomposition, on exposure 
to the action of the air. 
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particularly of one, rather larger than the rest ; the external orna- 
ments of which, as well as the fanciful disposition of the garden, 
which almost surrounded it, tnanifested the superior taste of its 
possessor,^ and induced us to quit the chaise to have a nearer view 
of this charming spot. 

We had not long alighted, before a gentle womanv about forty 
years of age, of a genteel and pleasing appearance, who was at 
the window when the carriage stopped, advanced to us from the 
house, which had most particularly excited our attention; and, in 
the most polite manner, requested us to favour her with our com- 
pany, and to partake of some refreshment. The invitation was too 
welcome to us to be rejected ; we, therefore, cheerfully accompa- 
nied her into the house ; the inside of which manifested the same 
neatness, and the same display of taste, which we had already wit- 
nessed. Shewing us into a parlour, she in a very frank manner in- 
formed us, that we were now in the vicarage house, pointing to the 
church, at about half a mile distance ; and informed us, that her 
husband had performed the duties of this cure, nearly ten years. ' 

This information, so well calculated to give us confidence in our 
new acquaintance, demanded a similar frankness on our part* Wq 
therefore stated who we were; and that a wish to contemplate the 
various beauties of nature's works, had chiefly incited us to this jour- 
ney. Mutual confidence being thus established, our kind hostess 
informed us, that, as the sun would soon set, and as there was no inn 
which could receive us, within fifteen miles, she must intreat our 
promise to take up our abode there that evening. This, she said,, 
was a request, in which Mr. Inman would most heartily join her; 
nay, she added, he would not forgive her if she had failed, in se- 
curing him the pleasure of such agreeable society. 

The tea-things were soon arranged, and our kind hostess placed 
us in the bow- window, from which we were gratified, with an unin- 
terrupted view of a very extensive plain of country ; stretching from 
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the unexpected weight of the parcel cammitted to his charge, nearly 
let it fall to the ground. 

When he had a little recovered himself, he requested Mr. Inman 
to inform him, what kind of substance this was. *' It is,*' said Mr. 
Inman, ^^ a species of fossil wood, which we, sometimes, find on 
digging in different parts of this mountain/' " Wood!'* exclaimed 
Winton, turning round, and depositing the parcel in my hands for 
my examination, " why really it is as hard and heavy as any stone 
I ever felt!'' "By fassil wood,*' said Mr. Inman, "I mean that 
which was once wood, but which is now became stone/' A closer 
examination now shewed me, that this substance was more truly cu« 
rious, than it had even appeared to be on a superficial view; since I 
discovered, that its resemblance to wood consisted, not merely in its 
general exterhal appearance, but that this similitude. was discover* 
able, in its internal structure: the knots, the concentric lamina, and 
even the smallest fibres of the wood, being perceptible. Percqiving . 
our attention to be so much engrossed by this curious substance^ 
which appeared to us of such an ambiguous nature, Mr. loinan re- 
marked, that as the evening was too far advanced to allow aqy ex*^ 
cursion on the mountain, he would endeavour to amuse us with a 
little cabinet, containing some curious smaller specimens of a simi- 
lar kind; some of which he had acquired, during his travels on the 
continent. We soon surrounded the table, on which he, in turn, 
plac^ several drawers, containing a considerable number of beau- 
tiful and interesting specimens, of what, according to the sugges- 
tions in your obliging letters of instruction, we should name, vege- 
table fossils. Not only did I never before view a collection so in- 
teresting ; but I never had even conceived that there could exist in 
bodies of this kind, so much beauty; or that substances, indubita- 
bly of a mineral nature, could possess, so distinctly, the character- 
istic forms of vegeta1>les. 

One specimen, which, as it lay in the drawer, was not to be dis- 
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tinguished from a well smoothed piece of common deal, possessed 
BO great a degree of haidness^* that on being struck against a piece 
of steel, sparks were produced, exceeding in number and briliiancjir, 
thos^. which proceed fr<mi ordinary gun^flint. Another piece pos- 
sessed the blackness of ebony, but had as high a degree of polish, 
as the smoothest glass. Another specimen was ahnost entirely itt- 

vested with a crust of most brilliant crystals. Another ^but I 

must not pretend to describe the various beautiful and astonishing 
objects I beheld. So great was the variety which passed before my 
eyes, and ^o much was my mind engaged in forming fruitless con- 
jectures, respecting the ambiguous nature of these wonderful bodies,, 
that my recollection of them is rendered confused, and my total ig- 
norance respecting them, prevents my possessing appropriate words 
to form their description* 

I was mortified tQ find that Mr, Innian, himi^ejf^ was not abl9 to 
furnish me with any real information respecting them : he merely 
stated it to be his opinion, that they had been buried ever since the 
days of Noah; and had, by the great length of continuance under 
ground, suffered this surprising change. 

On a subject so exceedingly interesting, the mind, not satbfied 
with vague conjecture, seeks for somewhat like explicit information; 
or is, at least, anxious to ascertain^ how &r investigation 1ms been 
successfully employed, on such questions as may tend to explain, 
how vegetables could thus be converted into the hardest stone; or 
b^ What means they could be preserved, during so long a period, as 
that whidb must have existed, between the time of their commit^ 
ment to the earth and of their transmutation. 

On the following morning, our kind host conducted us up th0 
mountain; and shewed us the spot where, on the day before, hp 
had found the pieces of wood we had seen. We, therefore, eagprly 
set to work, here, with a small mattock, which he had purposely 
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provided, and were so fortunate as to find two or three good speci- 
mens, which, I assure you, we carefully preserve, purposing to add 
them to your collection; but on this condition, that, in your next 
letters, you favour us with some information, respecting these won- 
derful bodies, which have actually passed, from the vegetable to the 
mineral kingdom*^ 

Yours, &c. 



LETTER VII. 

VBGBTABI^ FOS*SILS»...FOSSIL TR££S....I>£SCEIBED BT THE AN« 
CIBNTS....BY THE MODERNS....FOUND IN ALMOST EVERT PART 
OF THE WORLD* ^'^' 

It has been my endeavour, in my preceding letters, to furnish yon 
with some general and useful notions, respecting secondary fossils 
in general ; as well as with some general account of those substances, 
which will be found most frequently concerned, in those important 
changes which secondary fossils have undergone. 

Vegetable FOSSILS, or vegetable secondary fossils, will now, 
very properly, according to the arrangement I have adopted, be- 
come the subjects of our investigation. This also will be the pro- 
per moment for their consideration ; since thife curious phenomena 
you lately beheld, have, it is very evident, excited your curiosity and 
interest, respecting their particular changes, to a very considerable 
degree. 

yegetable fossils ♦, I shall divide into the following orders:— 

♦Phytolithi, of Linnseus and Wallerius. 
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1. Fossil trees*. — 2. Fossil plants f» — 3. Fossil eoots^-t— 
4. Fossil stalks ||.^ — ^5. Fossil L£av£s§.--^. Fossil fruits 

AND seed-vessels f. 

• With respect to fosstil trees, as well as with respect to every 
other fossil of which I shall treat, I shall adopt that which appeafft 
to be the mode best adapted to excite your interest, and to seciure 
to you every necessary information. I shall* endeavour to supply 
you with an historical sketch of what has been, hitherto, made 
known respecting them; to state the several theories by which it 
has been proposed to account for their origin; and lastly, to lay 
before you the ^cts, which later observations have discovered, and 
the opinibns which these appear to warrant* 

That the existence of fossil trees was known, in very remote pe«- 
riods, there cannot exist the least doubt ; but no rational opinion, 
respecting their nature or origin, has been offered until modem 
times. Theophrastus ** speaks of a stone^ bearing, in its exteriial 
appearance, a resemblance to rotten wood. Strabo -jr-f relates that 
trees, much resembling the laurel and the olive, were buried in al* 
most the whole of the mouth of the Red Sea ; which, during the 
ebb, were sometimes exposed, and which, during the flowing in of 
the tide, were sometimes torn up. This, he observes, is very asto- 
nishing; since, even higher up in the country, no trees are to be 
found. Eratosthenes relates the same circumstance, as observable 
in the Persian Sea. Pausanias ^ mentions a fossil wood, which 

* Phytolithi Arborum^ of Linnaeus ^ Litboxyla, of Wallerius ; and Stelechites and Den* 
drolithes, of others, 
t Phytolithi Plantaium, of Linnaeus ; and Plantae petrificatae, of Walleriu^ 
X Rhizolithi, of Wallerius. || Lithocalami, of Wallerius. 
§ Lithophylla, of Wallerius ; and Lithobyblia, of others. 
^ Carpolithi, of Wallerius ; and Spermolithi, of others. 

♦♦ Theophrast. IIEPI TON AI0QN. sect. xxix. ft Strabon. Geograph. lib. xvi. 
UP&usanias, Graeciae Descriptio, lib. i. cap. 43. 
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was considered as fossil ebony. Hef^ng ta a certain statue 
formed of ebony, he says, he heard from a man ojf Cyprus, exceed* 
ingly learned in the properties of plants, that ebony never put fMttti 
either leaves or fruits, nor ever shewed a trunk above ground. 
Agricola *, also, notices this supposed particularity of ebony, addy 
ing, that its external appearance is similar to that of jet; feoni 
which, however, it differs in being but little affected» whilst jet 
bums, and is consumed, in the fire. A piece of this kiad of ebony, 
he says, was once presented to him as a branch of blHck coral. 

There is, perhaps, no part of the known world, in which the mi^ 
neralized remains of trees have not been discovered. According to 
Agricola f, very large trunks of firs have been dug up iflftJoUfiereilt 
parts of Germany, turned, with their bark» into stone ; tb^ crevices 
of which were fflled with golden coloured pyrites, and mcMrcasiteft. 
Similar trees, with branches, have also been dug up near Cracow, 
which, when cut into the form of whetstones, were sent as pi^esent> 
by the barons, who held the territory, to Ferdinand the king of Bo^ 
hernia. He relates, that he himself saw, in a pool near the castle of 
Robestiein, in Misena, many trunks of trees, which were changed 
into stone. lo the earth from which the alum is obtained, near 
Hildesheim, oak trees were found converted v to stone; and in the 
same country, near to the castle of Mariaburgh, he mentions a hill 
full of logs in a petrified state. These are very long, and seem as 
if they had been placed together in heaps; their stony hardness 
being rendered sufficiently evident, on being struck by a piece of 
iron, or another stone. In the aluminous earth of Hildesheim is 
also found the fossil wood, which, as has been just observed, has 
been considered as fossil ebony. 

Agricola, whose actual researches were such as must have fur- 
nished him with numerous opportunities of determining, that,this 
astonishing change of wood into stone did actually take place; but, 

* Agricola, De Natura Fossilium, lib. viii. p. 324. Basiles, MDLyiil. f Loc. cit. 
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.V -• 
at tke ttme time, being influenced hf the predominant opinion of 

that period, that nature amused herself by modelling, in stone, imi- 
tations of the forms of organic bodies, he thus endeavours to furnish a 
mode of distinguishing in which of these classes, the stony substances 
bearing a vegetable form, ue to be arranged. As nature, he says, 
generates stones, res^xibling trees, it must be diligently observed 
whether, they possess the bark, pith. See. since if these are not dis-* 
coverable, it may be concluded, that they are not trunks of trees 
converted to stone, but that nature has formed those stones, to re* 
semble the trunks of trees. Thus he says, respecting the piece of 
timber found by Jovianus Pontanus, in the promontory of Pausi- 
lypus, in consequence of a part of the rock being broken off by the 
violence of the storm, we ;Cannot determine, as these particulars are 
not explained, whether it vras a stone which only bore the form of 
a piece of wood, or whether it was actually wood, converted into 
stone. 

Thus also Kircher, speaking of petrified woods*, observes, there 
are some which formerly have been wood, and have been converted 
into stone by (he long course of time, or by the influence of the la- 
pidific power. Others there are, whach cannot be said to derive 
their origin from a vegetable nature ; except in some very remote 
way, but are entirely the work of nature. 

De Boot-j- relates, that near Bruges, in Flanders, upon digging 
to the depth even of 50 feet, whole forests were found; the leaves, 
and the trunks being so little altered, that the different species of the 
trees might be ascertained ; and even the different series of leaves, 
which had fallen yearly, might also be distinguished. Schoockius 
also observes, that large trunks of fossil trees are dug up in diffe- 
rent parts of Germany; particularly in Poland,Tiear Bois-le-duc, in 

* De Natura Fossilium, lib. vii. p. 324. Basil, mdlviii. Kircheri Mund. Subt. 
lib." viii. cap. 6. 

t Gemmarum & Lapidum Historia, lib. ii. cap. 158. 
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the province of Brabant ; ani, according to Olaus Wormiu**, JKey 
have even been found in the loftiest aad most craggy mountains of 
Iceland, and in almost all the maritime parts of Holland, Fries- 
land, Zealand, &c. Subterranean trees have also been found by 
Fcanciscus Stellutus, not enveloped merely in earth, but in stone. 
In Misnia, a beech tree, with all its leaves and branches; was found 
in a stony stratum, a hundred and eighty ells deep. In the valley 
of St. Joachim, at a considerable depth, was foupd an , oa]^, 
with its roots and branches, in a petrified state, according to 
Leibnitz f. Both Gesner and Albinus mention a beeqh having 
been found, which was afterwards formed into whetstones. Leib- 
nitz also mentions a stone, which was in the possession of Benjamin 
Olitsch, an ingenious miner; and which he had procured from Au-* 
gustoburgh, in Misnia, which would be directly known to have been 
part of an alder. 

Buffon relates, on the authority of Rammazini, that for foyr 
miles round the town of Modena, wherever the earth is dug to the 
depth of €3 feet, if the workmen pierce about five feet farther, with 
a boring instrument, the water rushes up with such impetuo* 
sity, that it fills the wells to the top, almost instantaneously. The 
water in these wells continues perpetually; and is neither augmented 
nor diminished, by rains or drought. It is still more remarkable, 
that on this spot, whenever the workmen dig to the depth of 14 
feet, they find the rubbish and ruins of an ancient city, paved 
streets, houses, and difierent pieces of Mosaic work. Below this, 
the earth is solid, and appears not to have been moved. Still lower, 
they find a moist soil, mixed with vegetables ; and at the depth of 
26 feet, entire trees, as filberds, with nuts upon them, and great 
quantities of branches and leaves. At 28 feet, there is a stratum of 
soft chalk, 11 feet thick, mixed with sea i^hells; and after this they 
-again meet with vegetables, leaves, and branches of trees, till thfey ar- 

* Lib- ii. cap. 15. f Leibnitii Protogsea. Gotting. sect. xlv. 
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live at the depth of sixty-three feet; where there is a stratum of sand, 
mixed with gravel and shells, similar to those which appear on the 
coasts of Italy. 'JThese successive strata lie always in the same order, 
wherever pits have been dug; and, sometimes, the boring instru- 
ments fall in with trunks of large trees, which the workmen 
pierce with great labour: they likewise meet with bones of animals, 
pit-coal, flints, and pieces of iron. Ramazzini, who relates these 
facts, thinks, that the Gulf of Venice formerly extended beyond 
Modena; and that this land, in the progress of time, has been gra- 
dually formed by the rivers, assisted^ perhaps, by inundations of 
the sea ♦• 

In the Isle of Anglesey, subterranean trees are frequently dug up ; 
and in the Isle of Man is a marsh, called Curragh, six miles long, 
and about three broad, in which subterranean fir trees, in vast quan- 
tities, are foimd: and though (eighteen or twenty feet below the 
surface, they appear as if standing firm on their roots. 

Subterranean trees are found in various parts of Ireland, particu- 
larly in the morasses; but the greatest attention has been excited 
to the wood, actually in a petrified state, which is 'found in the 
neighbourhood of Lough Neagh. 

Dr. Boj^tjBs, in his account of Lough Neagh f, relates, that on the 
borders of that lough are found little stones, of a pretty moderate 
length; some of them round in their compass; others flat, or flat- 
tish; and some angulous: and which being looked on, as well near^ 
as from afar ofi; seem to be nothing else but wood; and by every 
one are taken for such, until one come to touch of handle them: 
for then, by their coldness, hardness, and weighty it appeareth that 
they are not wood, but stona But with respect to wood, placed in 
^he lake,- being turned by its water into stone, he says, he had never 

* Buflbn^s Natural History, vol. i. p. 481. 

t The Natural History of Ireland, by Dr. Gerard Boate, published by Hartlib, in 
1652^ and republilhed in 1755. 
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been able to leam the fact, fipom any persons who had themselves 
tried this matter; but several affirmed, that it had been done by 
others of their acquaintance. 

Mn Wm, Molyneux, secretary to the society of Dublin, for pro* 
moting researches in natural philosophy, believed in the petrifying 
power of Lough Neagh, in opposition to those who asserted, that 
the petrified wood is found in the sand hills near the lough. He also 
thought this power was chiefly exerted on the holly ; but he never 
obtained any positive proof, of this property existing in the waters 
of the lough ; nor could he procure a piece of petrified wood, with 
unchanged wood adhering to it. He observes, that when briskly 
calcined, the ashes of this petrified wood were affected by the 
magnet *• 

But Mr. W. Smith, whose opportunities of observation were fie- 
quent, says, in answer to some queries proposed to him on this sub- 
ject, by Mr. Molyneux, that he thinks the petrifying power of 
the waters of the lake to be fabulous ; and believes, that the petri- 
fied wood is found, only in the earth which surrounds, or which 
forms the bed of the lake, at the sides. He remarks, that none of 
the pieces he saw, were partly wood, and partly stone ; nor did he 
ever see the bark petrified. 

This wood is described, by Dr. Barton -|-, as existing in two dif- 
ferent states. In the one kind, there is still an exact resemblance 
to wood, although it is now really stone. This is, generally, in small 
pieces, which are of a whitish colour, porous, and comparatively 
lighter than other stones; cleaving easily lengthways, grinding 
to a smooth surface, so as to be fit to whet knives; and have 
never yet been found with any wood contiguous to them. The 
other sort is found in much larger, harder, and more weighty {neces^ 

* Philos. Trans. No. 158, p. 554. 

t Lectures in Natural Philosophy, &c. by Richard Barton, B. D. Dubliu, 1751 . 
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which are black, both externally and internally. This sort is fre- 
quently found with much wood on the surface of the stones ; and, 
most frequently, the internal parts of the stone are found to con< 
tain wood, still existing in a soft state. Of this kind, two very large 
pieces are mentioned. The one was a stone, weighing 700 pounds, 
which was found two miles from Lough Neagh, on the side towards 
the river Camlin. This specimen appears to have been, externally, 
complete stcme ; but internally, evidently woody. The other speci- 
men was as heavy as two men could lift, and the reverse of the for- 
mer: the outer coat being of a woody nature, and the internal part 
entirely stone. The woody coat of this stone, when first found, was 
at least a foot thick, except at the ends. The stony parts of these 
masses are of a dark grey, ai^;>roaching, in some parts, to a blue co* 
lour ; but are generally stained yellow on the outside, from their 
laying in a bed of gravel. 

These stones are chiefly found at a point called Ahaness, in the 
county of Antrim; half a mile south of the mouth of the river Glen- 
evey. The bank at Ahaness is twelve feet high; between the bottom 
of which and the lowest water-mark in summer, there is a space of 
about ninety feet; which space, in winter, is sometimes covered with 
water. Upon digging a pit in this place, it appeared that the 
upper stratum is of red clay, four feet deep; the second stratum is 
of stiff blue clay, four feet deep; the third stratum is formed by a 
black wood, lying in flakes four feet deep; and under this is clay 
again. From the top of the stratum of wood to the surface, is a 
depth of seven feet; and before the water of the lake encroached so 
far on the land, it appears to have been nineteen feet. 

In a paper of Mr. James Simons, contained in the Transactions^ 
of the Royal Society*, it is asserted, that the white wood-stones 
are generally found in the ground ; at from about two to six 
miles distance from the lake, and sometimes very deep in the earth. 

* Vol. xliv. No. 481. 
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The black ones are always found in the water, or on the shwes of 
the lough: sometimes in the mouths, or on the shores of rivulets, 
that empty themselves into it. Those which have wood continu- 
ous with them, have not yet been found atbove twenty yards distance 
from the waters of the lake; which is about the distance to whiph 
the waters reach in winter, and other times, when its waters are ex- 
traordinarily swelled. This gentleman observes, that the whetstones 
or hones, vulgarly so called, which are often sold for Lough Neagh 
stones, are not so; but are of a soft gritty kind^ and are found near 
Drogheda. 

There seems, however, little reason to believe, that the waters oi 
Lough Neagh possess, at present, any petrifying power; since 
the supporters of this opinion, have not been able to adduce a sin- 
gle well supported fact, in proof of it, 

Mr. Carew observes*, that " the Cornish tynners hold a strong 
imagination, that in the withdrawing of Noah's floud to the sea, the 
same took his course from east to west, violently bireaking up, and 
forcibly carrying with it, the earth, trees, and rocks, which lay any 
thing loosely, neare the upper face of the ground* To confirme the 
likelihood of which supposed truth, they doe many times digge up 
whole and huge timber trees, which they conceive at that deluge to 
have been overturned and overwhelmed: but whether then, or 
sithence, probable it is, that some such cause produced this effect/' 

He also observes -f, that " the ancient name of St. MkhaeFs 
Mount, was Cara Clowse in Cowse^ in English, the hoare rock in the 
wood : which now is, at every flood, encompassed by the sea, and 
yet at some low ebbes, roots of mighty trees, are discryed.in the 
sands about it.'' 

Camden not only notices these roots of mighty trees being seen 
in the sands; but remarks, that similar roots have been seen about 

♦ The Survey of Cornwall, written by Richard Carew, Esq. 1602, p. 7. 
t Ibidem, p. 3. 
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Plymouth Haven, and other adjoining places. This learned anti* 
quary has enumerated many parts of Englapd, where subterranean 
trees have been discovered. 

Childrey relates, that about two miles eastward from St. Mi- 
chaeFs Mount, at low Water, they cast aside the sand on the shore, 
and dig up turfs that are full of the roots of trees; and on some 
of these they have found nuts ♦• The tinners, he also says, do 
many times dig up whole and huge timber trees, which they think 
were overthrown,, and have. lain buried in the earth ever since the 
flood f. 

Childrey also states, that in divers places, in the low grounds 
and champaign fields of the island of Anglesey, the inhabitants do 
every day find, and dig out of the earth the bodies of huge trees, with 
their roots; and fir trees of a wonderful bigness and length: which 
trees, in the opinion of Hugh Lloyd, were such as were cut down 
by the Romans in their time; because Tacitus saith, the Romans, 
when they had conquered this island, caused all their woods to be 
cut down, and utterly destroyed:^. But from this opinion, as 
some are found with their roots on, Childrey, with propriety,^ dis- 
sents. He remarks, that there are also, on the shores of Cumber- 
land, trees discovered by the winds at low water, which are else 
covered over with sand. And it is reported^ he says, by the people 
dwelling thereabouts, that they dig up trees without boughs, out of 
the ground in the mossy places of this shire; and that, by the di- 
rection of the dew in summer; for they observe, that the dew never 
stands upon that ground under which they lie §. 

This author, I believe, on the authority of Giraldus CambreiKsis, 
states, that at the time when Henry II. made his abode in Ireland, 
were extraordinary violent and lasting storms of wind and weather; 
so that the sandy shore on the coast of this shire (Pembrokeshire) 

* Britannia Baconica, by J. Childrey, 1661, p. 10. f Ibid. p. 6« 

tibid. p. 15. §Ibid. p. 171. 
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was laid bare to the veiy hard ground, which hsid lain hid for mitny 
ages : and by further exposure, the people found great trunks of trees, 
which when they had digged up, they were, apparently, lopped, so tfa^t 
one might see the strc^es of the axe upmi then), as if they had been 
given but the day before. The earth looked very black, and the 
wood of these trunks was altogether like ebony. At the first disco- 
very made by these storms, the trees (we speak of) lay so thick, 
that the whole shc^re seemed nothing but a lopped grove ^. 
' At Charmouth, in Dorsetshire, is found a petrified wood, which 
agrees, in many of its appearances, with the larger masses of that 
of Lough Neagh; particularly in the dark bluish grey stone, with 
which it is sometimes invested, and in the softness which is some* 
times discovemble in the wood thus inclosed. 

Indeed there is hardly any part of Europe, in which subterraBean 
wood is discovered more generally, than in England; there scarcely 
being a spot thro^igh the whole island, where, upon digging to any 
considerable depth, vegetable remains are not found*. Thus we 
learn, from Dr. Plott, that at Wattington Park, in Oxfoidsyre, at 
the bottom of a pond, were found some tons of oak; and a^pit being 
simk 50 or 60 feet deep, many whole oaks were found, one of which 
was upright; one* was also perpendicular, but inverted. All of 
them were dyed through, of a black hue, like ebony, but sound 
enough,, and fit for many uses. Hazel nuts, and a large stag's head 
with the brow antlers, were also found here, the horn being as 
sound as the beam itself, and not at all dyed. In the same spot, 
two Roman urns were also found -f. 

^ Dr. Plot also describes a stone, found between Clifton and Nunc* 
ham Courtney, which, he says, represents a sound piece of ash: re- 
taining the grain and colour so well and lively^ that nobody, at sight, 

''^ Britannia Baconica, p. 142. 

t The Natural History of Oxfordshire, by Dr. Plott,p. 161, 
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all likelihood the deluge laid along, and found growing ou^pr near 
the places where we now find them ; and if they grew near the 
places where they are found, as there are many signs they did, then 
there is no question but it was terra firma before that deluge ♦• 

In the fenny tract, called the Isle of Axholme, lying partly in Lin- 
colnshire, and partly in Yorkshire, and extending a considerable way» 
are also found vast numbers of oak, fir, and other trees, lying ilomo* 
what above three feet in depth; and, near to them, thdir roottf^ which 
do still stand, as they grew, in firm eairth below the moor-f*. Mr. 
Dugdale, in his book of Draining the Fens in England, concludes the 
cause thereof to have been ^^ the muddiness of the constant tidtiSt 
which flowing up Humber into Trent, left, in time, so much filthy as 
to obstruct the currents of Idle, Done, and other rivers, which thence 
flowed back, and overwhelmed that flat country/' 

Dr. Richardson, speaking of subterranean trees! dug up at Youle, 
in Yorkshire, says — 

" Some of these trees are so large, that they are used for timber 
in building houses, which is said to be more durable than oak itseligl 
The country people hereabout call them fir-wood. The bate or 
texture of this wood is the same with fir, easily splitting: if burnt 
it sends out the same rosinous smell, and it afibrds the same coal. 
The branches do generally grow in circles, as the knots do yet tes- 
tify : the knots do easily part from the rest of the wood, as is usual 
in fir-wood. The straightness and length of these trees, are also a 
presumption, that they must be such ; if one consider, that some of 
these are nigh an hundred feet long; and at the bottom, not much 
above a foot in diameter. Their tops lay all one way, (viz.) with 
the current of the water. There are also oaks found there, though 
not in so great quantity. The vitriolic parts of the earth, in which 
they have lain, hath given them a black tincture quite through; 

* Mona AntiquaRestaurata, Henry Rowlands, sect. iii. p. 8. 
t Philos. Transact. voL yiii. No. (9. 
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which they did most evidently belong, both by their situation, and 
the sameness of the wood) with their tops commonly north-east; 
though indeed the smaller trees lie almost every way across those^ 
some above, some under; a third part of all which are pitch trees, 
commonly called firs, some of which have been found of thirty yards 
length and above, and have been sold to make masts and keels of 
ships of. Oaks have been found of twenty, thirty, and thirty-five 
yards long, yet wanting many yards at the small end. Some of which 
have been sold for four, eight, ten, and fifteen pounds apiece; which 
are as black as ebony, and very lasting and durable in any service that 
they are put unto. As for ashes, it is commonly observed of them, that 
their constituent parts are so dissolved, that they become as soft as 
earth, and are commonly cut in pieces by the workmen^s spades; 
and, as soon as flung up into the open air, fall away into dust; but 
all the rest, even the willows themselves, which are softer than ashes, 
preserve their substance and texture, he says, to this day. He adds, 
I have seen some pitch or fir trees, that, as they have laid all along, 
after that they were fallen, have struck up great branches from their 
sides, which have grown unto the thickness and height of consider- 
able trees. 

Many of those trees, he observes, of all sorts, have been burnt; 
but especially the pitch or fir-trees; some quite through, and some 
all on a side; some have been found chopped and squared, some 
bored through, other some half riven, with great wooden wedges and 
stones in them, and broken axe heads, somewhat like sacrificing 
axes in shape : and all this in such places, and at such depths, as 
could never be opened from the destruction of this forest, until the 
time of the drainage. Near a great rock, in the parish of Hatfield, 
were found eight or nine coias, of some of the Roman emperors, but 
exceedingly consumed and defaced with time. It is very observa- 
ble, he adds, that upon the confines of this low country, between 
Birmingham and Brumkj^, in Lincolnshire, are several great hills of 
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The Rev.W. Borlase relates, that great numbers of subterranean 
trees were found cm the shore at Mount's Bay, ComwalL These treea- 
were very large, and appeared to be oaks, hassel, and willow trees : 
they were found three hundred yards below full sea mark ; and when 
the tide is in, have at least twelve feet of water above them. This,, 
he thinks, confirms the tradition, already noticed, that St, MichaeFs 
Mount, now half a mite inclosed with the sea, when the tide is in, 
stood formerly in a wood ♦. 

Sir John Hill states, that he often met with pieces of wood, very 
little altered from their original state,, in strata of loam among gra<- 
vel ; and even in solid beds of stone, particularly at the great quar- 
ry, at Mr. Allen's, near Bath, in which he saw part of an elm, of 
more than four feet in length, which was. still soft enough to be 
easily pierced with a knife f. 

When the mind .is engaged in the consideration of a subject, sa 
interesting as that to which I am endeavouring to attract your at- 
tention; it is highly gratifying to find, that necessary investigations 
have been made by men, whose learning and abilities have engaged 
our respect. The following observations,, independent of the im- 
portance they derive from their authors, are in themselves so highly 
pteresting, that no apology can be necessary for laying them be- 
fore you, almost unaltered in their form. 

In September, 1796, the Right Honourable the President of the 
Royal Society, accompanied by Dr. Joseph Correa de Serra, went 
to Sutton, in Lincolnshire, to examine the nature and extent of cer- 
tain islets of moor, chiefly composed of decayed trees, situated along 
that coast, and visible only in the lowest ebbs of the year. 

These islets, according to the most accurate information, extend 
at least twelve miles in length, and about a mile in breadth, oppo- 
site to Sutton Shore; and consist almost entirely of roots, trunks, 
branches, and leaves of trees and shrubs, intermixed with some 

^ PhiloB. Transact. toL i.part K f Natural History of Fossils, p. 63d. 
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leaves of aquatic plants. The remains of some of these trees werer 
still standing on their roots, while the trunks of the great part lay 
scattered on the ground, in every possible direction. The barks of 
trees and roots appeared, generally, as fresh as when they were 
growing; in that of the branches particularly, of whith a great 
quantity was found, even the thin silver membranes of the outer 
skin were discernible. The timber of all kinds, on the contrary, 
was decomposed, and soft in the greatest part of the trees: in some, 
however, it was firm, especially in the roots.. The people of the 
country have often found among, them, very sound pieces of tim- 
ber, fit to be employed for several oeconomical purposes^ 

The sorts of wood, which* are still distinguishable^, are birch, fir, 
and oak.- Other woods evidently exist in these islets, of some of 
which the leaves were found in the soiL In general, the trunks^ 
branches, and roots of the decayed trees were considerably flat- 
tened ; similar to the surturbrand or fossil wood of Iceland, as well 
as to that found in the lake of Thun, in. Switzerland. 

The soil to which the trees are affixed, and in which they grew, 
is a soft greasy clayV but for many inches above its surface, the soil 
is entirely composed of rotten leaves, scarcely distinguishable to 
the eye; many of which, may be separated by putting the soil in 
water, and dexterously and patiently using a* blunt spatula^ or knife. 
By this method the Doctor, from whose account this^ extract is 
made, obtained some perfect leaves of i/er aquafoliumy which are now 
in the herbarium of the Right Hcmourable Sir Joseph Banks^; and 
some other leaves, which, though lesS' perfect,, seem to belong to 
some species of willow.. In this stratum of rotten leaves, could also 
be distinguished some roots of arundo phragmites. 

By examining a well, dug at Sutton, by Joshua Searby, these 
gentlemen discovered, that a moor of the same nature is found un-^ 
der ground in that part of the country, at the depth of sixteen feet;- 
consequently very nearly on the same level with that which consti- 
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tutes the islets. The disposition of the strata, was f6und to be 
nearly as follows: 

Clay 16 feet 

Moor, similar to that of the islets 3 to 4 feet 

Soft moor, like the scouringof a ditch bot- 
tom, mixed with shells and silt 20 feet 

Marly clay 1 foot _ 

Chalky rock from 1 to 2 feet 

Clay , '•• 31 yards 

Gravel and Water; the water having a chalybeate taste. 

In order to ascertain the course of this subterraneous stratum of 
decayed vegetables. Sir Joseph Banks directed a boring to be madie, 
in the fields belonging to the Royal Society, in the parish of Mable- 
thorpe. Moor, of a similar nature to that of Searb/s well, and the 
islets, was found, very nearly on the same level, about four feet 
thick, and under a soft clay. 

The whole appearance of the rotten vegetables which were found, 
perfectly resemble, according to the remark of Sir Joseph Banks, 
the moor which, in Blankeney Fen, and in other parts of the East 
Fen, in Lincolnshire, is thrown up in the making of banks; barks, 
like those of the birch tree, being there also abundantly found. The 
moor extends over all the Lincolnshire fens, and has been traced 
as far as Peterborough, more than sixty miles to the south of Sutton. 
On the south side, the moory islets, according to the fishermen* 
extend as far as Grimsby, situated on the south side of the Hum- 
ber; and it is a remarkable circumstance, that in the large tracts of 
low land, which lie on the south banks of that river, a little above 
its mouth, there is a subterraneous stratum of decayed trees and 
shrubs, exactly like those observed at Sutton; particularly that of 
Axholme Isle, and that of Hatfield Chace, which have been already^ 
described. 
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Little doubt can be entertained^ of the moory islets of Sutton 
being a part of this extensive apd subterraneous stratum, which, by 
some inroad of the sea, has, in that part, been stripped of its cover- 
ing of soil. Sufficient reasons for this opinion, the Doctor thinks, 
are yielded by the identity of the levels, as well as that of the species 
of trees; the roots of these being affixed, in both, as to the soil where 
they grew; and, above all, the flattened shape of the trunks, 
branches, and roots, found in the islets, which can only be ac- 
counted for by the heavy pressure of a superinduced stratum. 
Such a wide spread assemblage of vegetable ruins, lying almost in 
the same lev^l; and that level generally under the common mark 
of low-wfiter, must naturally strike the observer, and give birth to. 
the following questions: — 1. What is the epoch of this destruction? 
2. By what agency was it ?tffected ? 

Whilst endeavouring to an&wer these questions^ the learned writer 
supposes, the fossil remains of vegetables, hitherto dug up in so 
many parts of the globe^ to belong to two different states of our 
planet. The parts of vegetation, and their impressions, found in 
mountains of cotaceous^ schistous, or even sometimes of a calcareous 
nature, are chiefly of plants now existing between the tropics; which 
could neither have grown in the latitudes, ia which they are dug up;; 
noi^have been carried and deposited there by any of the acting forces, 
under the jw^sent constitution of nature.. The formation, indeed, 
he justly remarks, of the very mountains in which they are buried;, 
and the nature ^d disposition of the materials which compose 
them, are such as we cannot account for,, by any actions, and re- 
actions, which, in the actual state of things, take place on the sur- 
face of the earth. 

The consideration of this order of fossil vegetables obliges us,, in 
the opinion of Doctor de Serra, to tecur to that period in the his- 
tory of our planet, when the surface of the ocean was at least so 
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much above its present level, as to cover even the summits of those 
seicondary mountains which contain the remains of tropical plants. 
But whether we suppose these plants to have grown near the spot 
where they are found, or to have been carried thither, from different 
parts, by the force of an impelling flood, it is equally difficult, he 
remarks, toxonceive, how organized beings, which, in order to live, 
require such a vast difference in temperature and in seasons^ 
could live on the same spot: or, how their remains could (from cli- 
mates so widely distant) be brought together in the same place, by 
one common dislocating cause. To this ancient order of fossil ve- 
getables belong whatever retains a vegetable shape^ found in or 
near coal mines, and (to judge from the places where they have 
been found) the greater part of the agatized woods. 

The second order of fossil vegetables, comprehends those which 
are found in the strata of clay and sand ; materials which are the re- 
sult of slow depositions of the sea, and of rivers ; agents still at work, 
under the present constitution of our planet. TRiese vegetable re- 
mains are found, in such flat countries as may be considered to be 
of a new formation. The vegetable organization still subsists, at 
least, in part; and this vegetable substance has suffered a change 
only in colour, smell, or consistence; alterations which are pro- 
duced by the developement of their oily and** bituminous parts, or 
by their natural progress towards rottenness. To this description 
of fossil vegetables, the decayed trees, and other vegetable remains, 
belong, which constitute the greater part of the mass of which this 
moor is formed. Although these trees are standing in their native 
soil, Dr. de Serra reminds us, that the level in which they are found, 
cannot be the same as that in which they grew ; and we should, there- 
fore, conclude, that the forest here described, grew in a level high 
enough to permit its vegetation, which could not have been the 
case, if it had been so near the sea, or below the common level of 
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must again repair with you to distant parts, to shew you, that where* 
ever attentive observations have been made, proofs of this fact have 
been found. 

Thus Mons. de la Hire gives a particular description of part of 
the petrified trunk of a palm tree, which he had obtained from some 
part of Africa. 

The petrified trunk of a pakn tree was also found in the desert 
near the isthmus of Suez, and transmitted to the class of natural his- 
tory by General Regnier, member of the institute of Egypt. 

In the account of Mr. Horaemai^'s travels^ in the yearn 1797 wd 
1796, undertaken for the purpose of exploring the intonor parts of 
Afirica, we learn, that in that vast desert which forms the natural 
boundary of Egypt, petrified wood i» found, of various Ibmis and 
size. Sometimes are seen whole trunks o£ trees, of twelve feet cir^ 
cumference, or more; sometimes only bianchea of twigs, scarcely of 
a quarter of an inch diamet^; and sometiines merely pieces of back, 
of various kinds, and, in particijhur, of the oak, are to be found. 
Many of tlie great stems yet retain their sidle branches, and lA mmgr 
the natural timber ha3 undergone so little change, that tbe eiK>ii]ftr 
ranges of the wood are discernible, and especially kb those trunks 
which were, apparently of oak. The interior of other bodies of tim*- 
ber was become a petrifaction, shewing no distinctions of jpraia or 
fibre, but bearing the appearance of mere stone ; though the outr 
ward coat and form of the substance clearly denoted the tree. 

Mr. Homeman wa^ infoFmed by several Arabs, that in travelling 
over this desert, petrified trees were often found upright, and aa if 
growing in the soil; but he presumed, cespecting those he. did not 
see, from those he did actually inspect, that they were trunks xaiaed 
by handy round the base of whicli the i^nd had quickly gajthered 
before the winds, a^d formed a ntound, as if heaved up by a root 
l%ei»>}our of the petrified WQod iip in general black, or nearly so; 
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offer in the direst point of view. I shall, therefore, in the first 
place, bring together those descriptions of these substances, and 
of the circumstances attendant on their discovery, as appesu* to be 
the most valuable and interesting; and then shall endeavour to point 
out the nature of these various modifications of vegetable matter, 
and the different processes on which they depend. 

But, previously to entering into a particular examination of the 
changes which take place in vegetables, in the several processes to 
which they are subjected, whilst passing into a state of mineraliza- 
tion ; it is necessary to give some slight account of the substances 
of which they are composed, during their vegetable state; and of 
such chemical changes as appear to be subservient to the of- 
fices of vegetation. 

Vegetables, besides containing oils, acids, alkalies, earths, and 
metals, in common with substances of the animal and mineral king- 
doms, do also contain the following substances, which are peculiar 
to the subjects of the vegetable kingdom: — Albumen, gluten, jelly, 
starch, gum, sugar, extract, tannin, wax, resins, camphor, caoiil!^ 
chouc, wood, cork. The analysis of these substances manifest, that 
oxygen, carbon, and hydrogen, entering into a triple combination, 
constitute, with some of the earths, the greatest part of their mass. 
In several of these substances, nitrogen is also found to exist; and 
in some, sulphur has been found. Phosphates of lime, &c. have 
likewise been found in the analysis of some vegetables; the phos- 
phoric acid having been, doubtlessly, derived from the phosphorus 
yielded by the decomposition of animal matters, in the soil in which 
these vegetables grew. 

It is now well known, that all vegetables derive their origin from 
seeds, which consist of cotyledons or lobes, inclosing a radiclcy and a 
plume. When any seed is placed under circumstances favourable 
to vegetation, the radicle, which is a small round white body, is 
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geoious experiments of Hasseufrat^s have furiiUbed ut wiUi a4« 
ditional meaas of solving this interesting question. Haring.pi^ 
viouslj ascertained, bj analysis^ the quantity of carbon Contained 
in a given weight of certain bulbs, he caused several of these bulh9» 
(N:eviously weighed, and the quantity of carbon they contained 
thereby previously known, to vegetate in pure water, until they had 
flowered; and had appeared to have acquired the acm6 of their 
growth. He then subjected them, with every part which had fallte 
ojflf during their vegetation, to a strict analysis, and found that tibo 
quantity of carbon, which the whole of the plant, thus collected, 
contained, was rather less than that which had existed orif^aaily in 
the bulb itself, from which the plant had proceeded. PhntB made 
to v^etate under these circumstances, are, however, far fixMn being 
lis a state of perfection. They never produce any seed; their power 
of vegetation becomes diminished ; and if not allowed to derive 
other nutriment from the earth itself, they at last cease to vegetate 
at alL Hence it appears, that the water did not add to the stoc^ 
of carbon, so necessary to the growth of the |^ants^^ut only 
served for the diffusion of that which the bulb originally cottt 
tained: water, therefore, cannot be considered as the sole food of 
plants. 

If water does not constitute, alone, the food of plants, it is, how* 
ever, absolutely necessary to their existence; serving as the vehicle^ 
by which those substances, from which they derive a larger porticm 
of nutriment, are conveyed through their system of vessels. WateiT 
is abo, most probably, so acted on in the vegetable system, that it 
is resolved into its two simple principles, hydrogen and oxygeft: 
both of which are well known to exist, in almost every vegetable 
substance; and are presumed to be absolutely ttecessary to the 
performance of various importsuit functions, in the vegetable 
oeconomy. 

In all vegetables is discovered, by analysis, a considerable par^ 
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Anabfms of the GranUic SoU, 

73,25 Silica, 
13,25 ^Alumine, 

1,74 Lime, 

9,00 Iron and manganese. 



97,24 * 



Analysis of the Calcareous SoiL 

98,000 Carbonate of lime, 
0,625 Alumine, 
0,625 Oxide of iron, 
0,025 Petroleum. 

99,275 



Analysis of the Fixed Substances containedr 

in the Pinus Abies, growing in the Gra- 

nitic Soil. 
13,49 Silica, 
14,36 Alumine, 
46,34 Carbonate of lime, 
10,52 Metallic oxides, 

3,60 Pot-asb, 

4,24 Alkaline sulpbates and^muriates, 

0,77 Carbonate of magnesia. 

99,82 

Of the Fixed Substances, contained in the Pi- 
nus AiKs growing in the Calcareous SoU. 

63 Carbonate of lime, 

16 Alumine, 

15 Alkalies and alkaline sulphates . 
and muriates* 

94 



The absorption of earths^ metallic oxides, and various saline sub- 
stances, for the accomplishment of important purposes in the vege* 
table oeconomy, cannot, therefore, be lathe least doubted. Nor 
can there exist the least impropriety, in considering these sub- 
stances, as well as phosphorus and sulphur, when thus imbibed, as 
having constituted a part of the actual food of plants. 

When the fineness of the fibrillar are considered, in which the roots 
terminate ; and which may be supposed to contain the orifices of 
that ciass of absorbents: and when the minuteness of the pores 
which are found on those parts of the plant which are above ground 
are also considered, there seems to be great reason to suppose, that 
all those substances, which are imbibed as food, first pass into a 
state of aqueous or gaseous solution. 

A circumstance which takes place during the germination of 
seeds may be considered as proving that this is the case. A farina* 
ceous matter, it has been already observed, constitutes the sub*<> ' 
stance which forms the. cotyledons of the seed, and is destined 
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LETTER IX, 

RESOtUTION OF VEGBTABLES INTO THEIR »IR8T PRlKCIf tXS... 
FIRST STEP I* THE MINERALIZATION OP VEGfiTABLBS..^rVB^ 
OETABLB MOULD....IONIS FATUUS. 

Ii^ tracitig the transition of vegetable matter, into a mineral st&te, 
it is pro|)er to commence our remarks by an examination of the 
changes \rhieh plants undergo, immediately on the extincticm of 
vegetable life. 

When from accident, or in consequence of the attainment of the 
full period of maturity, a tree or a forest falls, a resolution of 
composition necessarily succeeds: the constituent parts separate, 
and the elementary, c^ simple principles, disengaged from thoM 
connexions into which they had been forced by the ener^es of ve- 
getable life, now enter into new combinations, resulting, almost, 
from chemical attractions merely. 

The epidermis, as well as the parenchyma of the leaves, and the 
other succulent parts, soon become resolved into a soft mass, which 
yields an unpleasant odour, and which acquires much of its moisture 
from the extravasation of the sap and othar vegetable juices. The 
mass derives, perhaps, also an increase of its fluidity, from the hydro- 
gen and oxygen, which had been employed in the formation of vari- 
ous parts of the vegetable, being now let loose, and entering into a 
new combination, by which water is formed. Another portion of the 
hydrogen becemes also volatilized, and uniting with a portion of car- 
bon, forms carburetted hydrogen gas, and other inflammable gases, 
somewhat similar in their composition. In the decomposition of those 
plants, into the composition of which nitrogen enters, this principle 
enters directly into union with the hydrogen, at the moment of their 
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except to notice two curious and interesting phenomena, which it 
Bometimes offers to our observation. 

The first of the phenomena, here meant, is that which is termed the 
Ignis fatutiSj or Will of the Wisp. This is well known to be a lam- 
bent flame, appearing at night, over marshy lands; and which, by 
its flitting motion, and by the sudden disappearance, and as sudden 
renewal of its flame, serves frequently to mislead the wandering, and 
even cautious traveller. 

Dr. Shaw has fiirnished us with the following curious account of 
the phenomena yielded by this extraordinary meteor, of which he 
was enabled to obtain the closest inspection : He says, that in 
travelling by night, in the beginning of April, through the vallies of 
Mount Ephraim, we were attended, for the space of an hour, with 
an Ignis fatuusj that displayed itself in a variety of extraordinary 
appearances. For it was sometimes globular, or else pointed like 
the flame of a candle; afterwards it would spread itself, and involve 
our whole company in its pale and inoffensive light ; then at once 
contract, and suddenly disappear. But in less than a minnte, it 
would begin again to exert itself, as at other times ; running along 
from one place to another, with great swiftness, like a train of gun* 
powder, set on fire ; or else it would spread and expand itself over 
more than two or three acres of the adjacent mountains ; discover- 
ing every shrub and tree that grew upon them. The atmosphere 
from the beginning of the evening, had been remarkably thick and 
hazy ; and the dew, as we felt it upon our bridles, was unusually 
clammy and unctuous *. 

The late discoveries in chemistry, give us reason to hope, that 
an explication of this extraordinary appearance may, before long^ 
be obtained. It i^ generally attributed to some inexplicable agency 
of the electric fluid on the inflammable air of marshes; but it seems 

* Travels, or Observations relating to several Parts of Barbary, and the Levant, by 
Thomas Shaw, D.D. F.R.S. 2d edition, 1756, p. 334. 
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rather to depend on some hitherto unknown combination of phos-^ 
phorus, with a solution of carbon or sulphur, in hydrogen gas, sepa- 
rated from the wetted vegetable mould* 

• Gengembre has discovered, that by mixing pure fixed alkali or lime, 
with a small quantity of water containing phosphorus, the hydro- 
gen- of the water is liberated^ and immediately enters into combi- 
nation with a. portion of Jhe phosphorus; forming what he terms 
phosphorised hydrogen gas, but which is more properly distinguish- 
eid by the , term phosphuretted hydrogen gas. This gas exhibits 
phenomena, which; certainly approximiate more nearly to those of 
the Ignis fatuus than any substance, whose properties have been hi- 
therto noticed. Immediately on its coming in contact with the air 
of tiie atmosphere, on its passage through the water, it inflames 
with a beautiful phosphoric light, but soon disapp^rs, leaving be*- 
bind it, if the air is. still and serene, a ring of thin smoke, which 
beautifully undulates, and extends its circle as it rises. It is true, 
that in this case actual inflammation takes place ; whereas in ignes 
fatiii^: the illumination appears to be that of phosphorescence 
light only; but that the subsequent industry of chemists will 
eQablc them to ioiitate this phenomenon still more closely, seems 
y^jry probable.. Indeed, there seems to be reason for expectation j 
that such a result may be the reward of a careful series of experi- 
BfHents, rin which the phosphorus is combined, in different doses, 
^ith other gases, containing various proportions of the several sim- 
ple combustible bodies — perhaps the gaseous oxide of carbon might 
be found well calculated to repress the combustion, whilst it per- 
mitted the emission of the phosphoric light. The volatile alkali, 
also, in such experiments, might become an useful agent ; since, in 
the distillation of the salt, formed by the union of this alkali with 
phosphoric acid, a gas comes over, which does not instantaneously 
inflame, but displays.a phosphoric light* when it comes in contact 
with oxygen gas. 
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The other pfcemonieiion, -which is yielded by tf^etmnild fbnned of 
the mineralized reitiaiBB of regetables, is a conruscating light, pitv 
duced by its percussion und^ certain circumstances. This pheii<>« 
menoiEi has been secfi by Dr. Plot and others. Dr. Plot's acoonnt 
of it is as follows : — 

•« Under the uppermost turf, in their moorish boggy grounds, 
diey also dig peats, which, because they order much after the same 
manner^ as has already been described in OKforAstarej I pass them 
over, and proceed to another bla^k, moist, and rotten sort of eartfti) 
that lies just under the tuff in heathy soife, such as Archer Moer, 
near Beiresford, and upon a hill called the Gun, abdve IK^yerd 
Hall, where, as I was seriously told by the worshipful^nd most ui^ 
genious Charles Cotton, Esq. Thomas Itudyerd, of Bwiyerd, Esq: 
and Mr. Gent, of Asboum, if one ride in a daiic night ni so wet a 
season, that a horse breaks through the turf, and throws up ^8 
black, moist, spongy sort of earth, he^seems to fiing up so mfuehdfire) 
which lies shining upon the ground like so many embere; by t^ 
light whereof, one horse naAy trace another, ^iStitiii^ tft sdiie 4m*. 
tance, and it be never so dark; it continuing light upon the grotmd^ 
and being gradually dying away, for mear a quarter df an hour. To 
which let me add another agreeable relation, whereof I wasifiform* 
ed by that worthy loyal gentleman Capt. Thomas Lane, of Bentley, 
Esq. who, endeavouring to help a ftiend and kinsman (one Mr. 
Jones), who casually fell in a ditch, in Bescott Grounds, in tlie night 
time, and having stirred the mud and dirt pretty much in perforata 
ing that good office ; they presently found their gloves, bridles, and 
horses, as four as the water or dirt had touched them, all ito a kind 
of faint ^anie> much like that> as he described it^ of burnt brandy, 
which continued upon them for a mile's riding */' 

Tlie foregoing account, i^actly agiees with a curious history o( 
tiie same pbenomemm, contained in the collection of manuscript 

♦ The Natural History of Staffordshire, by Dr. Plot, p. 115. 



communications, to the Royal Society, in the library of the British 
Museum. It is entitled, " A Relation of a firey Appearance in the 
Impress of Mens and Horses Feet,*' and was given in these words, 
by Dr. Croon, about the year 1665 : 

" Being Monday, on my return with Sir John Courton, bart and 
his clerk, Wm. Stephens, from the Lord Bishop's visitation at 
Launceston, about an hour, in a misty dewy night, on Hinxon, 
about a mile beyond Kellington, in Devonshire^ in Launcestcm 
roaa, in a moorish place of sonie forty feet in length, the impress of 
our horses and our own feet ^pon the ground, appeared fiery, much 
moT6 shining than glow-worms ; the grass we gathered in those 
places wtere we or our horses trod, reserved the lustre in our hands 
when we came to the waters within a quarter of a mile from Kel- 
Iington; where, watering our hordes, we observed it, but almost ex- 
iihgi^ished, only a spark here and there. At Newton, two miles 
tlieince, we viewed it by candle-light that night, as also the next 
day, and found it coarse spiry grass, of an inch, or little more, in 
length, such as ordinarily grows on downs ^/' 

Hiat this phenomenon, as well as that of the Ignis fatuus^ depends 
on some peculiar modification of phosphorus, there seems to be no 
difficulty of admitting. Nor can there exist any doubt, as to the 
source whence volatile alkali, and even the phosphorus itself, is de- 
rived, when it is recollected, that, with this crust of mould, a consi- 
derable quantity of animal matter must be blended, proceeding from 
the myriads of insects which had fed on the vegetables, the remains 
of which it is composed. From the resolution of animal matter in 
subterranean situations, must also proceed the various metallic and 
other phosphates, so eminent in their brilliance and colours. 

Yourtj &c. 
« Mt. AyiCMgHs Catalogue, ^99, p. 47. 
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LETTER X. 

PEAT OETUEF....DESC'RIPTION 0F..,.VARI0US KINDS....LENGTH OF 
TIME KNOWN....FOUND IN VARIOUS PARTS OF THE WORLD. 

X HE substance, to which I next wish particularly to attract your 
attention, is one which has beeii seldom, or hardly ever, cbhsidered 
in relation to the bodies termed petri][lictiotis ; but whicb» I suspect, 
is very nearly connected with those which derive thieiF origin from 
the vegetable kingdom. Indeed, I shall endeavour ii) prove to 
you, that most of these bodies which have obta:ined s6'c^n8id6iWi(>Ie 
an alienation from their original nature, have first passed tjbrou^ii 
an intermediate state; resembling that, in which the substdhce 
which is the subject of our immediate inquiry, is always .found to 
exist. ' / ' 

The substance here alluded to, is peat or turf; well known fo the 
inhabitants of most lowland countries, for the advantages it affords 
them by its combustible quility. It is found in various parts of the 
world, forming immense tracts, at various depths. It is a soft but 
compact substance; its colour being of a bright reddish brown. As it 
dries, upon exposure to the air, it becomes soon darker ; the dark- 
ness increasing, in the best peat, until it acquires almost the black- 
ness of coal : at the same time it becomes a hard, tough, weighty, 
mass, very difficult to be cut or even broken ; and which, in general, 
contains many remains of vegetable matter. It absorbs water, and 
retains it so strongly, as to be found almost always in a wet state, 
in its natural situation ; hence, when near the surface, it forms bogs, 
which are exceedingly dangerous for such animals as attempt to pass 
over them. The best peat is smooth, and cuts clean with the peat- 
spade, being almost of the consistence of soap. 
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Like clay that has been burned, peat, on being dried, loses the 
property of forming a tenacious mass, by the addition of water. 
When properly dried, which is accomplished, by cutting it into 
square pieces of the size of a brick, exposed to the conjoint action 
of the sun and air, the peat becomes a very combustible sub- 
stance; burning, when pure, with a clear bright flame, and yield- 
ing a hard firm charcoal, which bums with a vivid glow, until re- 
duced to a very small portion of very light and white ash. Sometimes 
it contains small branches and twigs, in which the woody fibres still 
possess so much of their original state, as to give considerable resist** 
ance to the peat-spade. Oftentimes it appears to be a composition 
of the roots, branches, twigs, leaves of trees, various parts of 
plants, grass, straw, &c. but little altered in their form, although in 
their nature, they are now rendered intirely different, 

The varieties here enumerated, appear to be the consequences of 
different degrees of perfection, to which the natural process, to which 
these substances have been exposed, has proceeded. But it is not 
the smaller and the less hard parts of vegetables only, which are 
thus found imbedded; since, frequently, large trees are found in dif- 
ferent parts of the peat, increasing the expence and adding to the trou- 
ble of the peat-digger^ by the obstacles they yield to his operation^. 

Other varieties, in its appearance, are frequently observable; de- 
pending on the quantity of the extraneous matters, with which it 
has become blended. When its purity is much impaired, it is found 
to burn with considerable less freedom; and a close inspection will 
shew, by its being not smooth in its cut, but gritty in its substance^ 
that its impurity proceeds from an intermixture of earth. Jf the peat 
be good, and contain but few impurities, it burns with a cle^ir 
bright flame, leavhig ashes of a light colour ; but if much eaith ii^ 
blended with it, the ashes are more plentiful: and, from the igni- 
tion having been thereby impeded, are of a darker colour. I^ as 

. n 
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is frequently the case, it contains much pyrites, or ferruginous earth, 
then a heavy reddish ash is left. 

Adrianus Junius observes, that there are several kinds of these 
turf-like substances. The first kind, which he describes, is of a red- 
dish coloiu:, poor, and spongy; very light, and of but little value; 
being only used to heat brewers' coppers. Whilst burning, it gives 
to the countenance a livid, cadaverous hue; making men appear 
like ghosts : it, at the same time, produces a noxious vapour, which 
Cdcasions fainting ; to prevent whiqh it is sprinkled with salt. The 
second kind is more dense, of a blackish brown colour, and is inter- 
sected by twigs and rushes, in various directions. It is heavier 
tiian the former kind, and more generally useful. The third kind 
is heavy, and sinks in water, which the former kinds do not. It is 
of an ash colour, and is dug in a sandy soil: it takes fire slowly, but 
continues to bum a long time. He observes, that there is another 
kind, formed of the salt earth in Zealand ; and besides these, he re- 
iharks, there is another kind, which is obtained from the fatty mud, 
which is dragged from the bottom of ponds, and is afterwards 
drained^ and so dried by exposure to the air, as to render it use- 
ftil*. 

Schoock remarks^ that the peat, which is dug from the deeper 
parts of the earth, is more firm, and is of much higher estimation, 
than that which is found nearer the surface. 

The peat is, sometimes, found even near the surface, excepting a 
a slight covering of mould, formed by the more recent decompo- 
sition of vegetable matter* Sometimes this surface ia tolerably well 
stocked with heath and other vegetables ; but more frequently it 
presents to the eye an extensive barren flat moor, which, except in 
the dryest seasons, is so wet and spongy, as to be intirely impass- 
able. 

^ Historia Batavige, cap. T. 
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According to Dr. Anderson, well known for his vigilant atten- 
tion to those circumstances, on which the comforts of humble life 
depend, it is found at various depths, under strata diflfering very con- 
siderably in their composition, thickness, and number. 

Peat, as Mr. Jameson observes, is most commonly to be found in 
vallies and plains, where it forms very extensive beds ; varying in their 
depth, from one foot to full forty feet. Sometimes it is discovered at 
the sides of mountains; but even there its beds preserve an hori* 
zontal situation. Mountains, upwards of two thousand feet high, in 
the Highlands of Scotland, have their tops covered with peat of an 
excellent kind. In Germany,,! t is also found at very great heights; 
thus the Blogsberg, a high mountain in Lower Saxony, and the 
Brohen, the highest mountain of the Hartz, are covered to their 
summit with peat. It is also found at the bottom of ponds and ca- 
nals ; and is sometimes brought up on the coast of Holland, by the 
flukes of anchors; and also cast on shore in stormy weather, which 
has induced some to imagine it to be of marine origin. In the har- 
bour of Oban, in Argyleshire, one part of the bottom appears to be 
formed of quick moss, which affords no sure anchorage. The depth 
of the sea is there about twenty fathoms. 

In Galloway is the great moss of Cree, lying near to the sea, a lit- 
tle higher than flood-mark at spring tides. Near Dumfries is 
Locker Moss, only a few feet above high water mark : it is about 
ten miles in length. In the island of Lewis, one of the Hebrides, 
there is an extensive peat moss, thirty miles long, having its surface 
but little elevated above that of the sea*. 

Peat appears to have been long in use, as fuel, in different parts 
of Germany. Thus jEneas Sylvius Piccolominaeus, in 1458, in his 
History of the Military Transactions of Frederic III. having occasion 
to speak of some part of Friesland, rendered worthy of notice by 
some interesting military event, describes it as "a smooth ^nd 

* Anderson on Peat-Moss^ 
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and marshy plain; abounding in grass, but without wood. The in- 
habitants supporting their fires by a bituminous turf, mixed with 
the dried dung of oxen/' 

Ludovicus Guicciardinus, who wrote very early on the geography 
and natural history of Holland^ remarks, that the combustible 
tiirf, called by the names of torff or turfy which abounds in Holland, 
is of so much consequence as to have had the strongest claim to his 
attention. 

Cuthbert Tonstall, Bishop of Durham, in the reign of Henry VIH. 
notices the very general use of turf, as fuel; in Zealand ; the heavy in- 
conveniences arising from the smoke of which, he complains of to 
Erasmus in a very energetic lamentation. If, says he, you remain at 
home in the city, the smoke of the turf (for, says he^ they bum this 
in the place of wood) fills your nostrils from the surrounding neigh- 
bourhood. These, when dug from moist and salt places,, however 
much they may have been dried in the sun, yield a smoke, whilst 
they bum, which penetrates into your very breast, and attacks, at 
once, your nostrils, head, and chest* 

Turf, it is probable, might be found in most parts of the world : 
the lowlands of almost every country of Europe possess it, and it 
particularly abounds in many parts of Holland and of Germany, 
in Brabant, Transilvania, Groningen, Zealand, Friesland, England, 
Scotland, and Ireland, and indeed in all the north:3rn parts of Eur 
rope: being, in several places, the only fuel which the inhabitants 
can obtain*. 

Cffisalpinus observes, that in CEland, a peninsula in the Nether- 
lands, a black miid is obtained from the marshes, which, being made 
into clods, and dried, is used for the {purpose of making up fires, 
being rendered a species of coals f . 

Jonas Amgrim, who wrote in 1592, says, that the peat which is 
dug for fuel in Iceland, is of two kinds ; the one, which is found 

'* Erasmi Epistols. lib. iii. t Anclr. Cssalpin. lib. ii. cap. 53. 
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growing immediately under the surface of the earthy he observes, is 
light iand spongy; whilst the other, which is much deeper in the 
ground, and is dug up from the pits, is more heavy and dense*. 

Quadof says, that in West Friesland the earth is fatty and bitu- 
minous; and that, being dried in the wind, it serves for fuel in- 
stead of wood; but is very diflferent from the coal of Namur^ Liege, 
Hanault, &c. 

Libavius J says, the inhabitants of the lower parts of Germany 
employ for fuel that which they term dairy and dorfen^ which is,^ he 
says, a mass of roots, blended with a bituminous earth. 

Schoockius, who wrote expressly on peat in l658 §, and does not 
admit its vegetable origin, thinks that Libavius should rather have 
said, that the bitumen in certain peats is so coloured and diversified 
as to resemble dried rootsv 

Darriaj denrie^ or darinckj derived from the Danish word dar^ 
reuj signifying to bum, he says, is a substance which, even at that 
time, was dug in Zealand, and chiefly in Wallachia, for fuel. He 
describes it as a bituminous matter, thrown on shore by the sea, and 
which has been afberwards covered by the earth. At one time it 
was dug, with so much eagerness, for the salt, which^ by certain pro- 
cesses, it was made to yield, that a strong law was passed,, to pre* 
vent the farther digging for this substance,, lest the shore should be 
so weakened, that it would not be able to resist against the violence 
of the waves. In the year 1515, however^ Charles V. harassed by 
the petitions of the poor, who had no other means of obtaining fuel, 
was again obliged to permit it to be dug. 

Mr. Tooke informs us, that in Siberia, there are great plenty of 
morasses, and of various magnitudes. Thus the northern verge of 
Siberia, towards the shores of the Frozen Ocean^ for several hundred 

* Brevis Commentarius de Islandia, Hoolum. 1593. t Lib. iv. cap. 37. 

X Lib. iv. de Origine Rerum. 

§ Martini Schoockii,.Tractatu8deTurfiiB8euCespitibu8bituiniQ08i8. Groning®, 1658. 
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versts in width, is one prodigious watery* morass, grown over with 
moss, and entirely destitute of wood, and which, in summer, is only 
thawed to the depth of about a span*. In the interior of the em- 
pire we meet with smaller; and many of the forests have a swampy 
bottom. He describes them as — 1st, simply low watery land ; — 
2d, swamps, which yield turf formed out of the moss, and even at 
times produce a little hay; — 3d, bottomless morasses, which appear 
to be lakes grown over: they frequently will bear neither man nor 
beast; — 4th, moss-morasses, the deep and useless moss of which will 
permit neither grass nor a shrub to grow, or at most, only a few 
wretched low sticks of fir, &c. which presently wither and die. 
They are absolutely unprofitable ; or at teast they are held to 
be so f. 

Dr. Woodward observes, that marsh or turf earth, containing in 
it nuts, twigs of trees, shrubs, grass, sedge, &c, is f6und in various 
parts of England. He particularises several places, where it is found 
to abound very much. He obtained it from Hampstead Heath, 
and from Godalming, in Surrey. At Wilmiestow, near Knutsford, 
in Cheshire, it lay uppermost in the moss, and next the surface; 
and seemed to be made up only of the shivers, or husks, and other 
parts of juli of hazel, alder, poplar, &c. There is also great quanti- 
ties of this kind of turf in the northern parts of Yorkshire, and in 
the bishoprick of Durham. About a mile from Langrow, in Cum- 
berland, is a stratum of bituminous earth, three feet thick, which 
contains parts of the trunks of trees, leaves, sprays of shrubs, and 
other vegetable substances, in such quantity that the far greater 
part of the stratum seemed to be formed by them. It also abounds 
near Outhom in Yorkshire, at Kendall in Westmoreland, in Wind- 
sor Forest, in the Isle of Wight, and various other places. In that 
which was dug up in the Isle of Wight, besides the twigs and lekves 

* Pallas's Travels, vol. iii. p. 23. 

t View of the Russian Empire, &c. by William Tooke, F.R.S. London, 1800, p. 77, 



^^ 



9^ 

the kernel having entirely perished. In the mass were also con* 
tained the trunks of several trees, of which, he thinks, the trunks of 
the yew trees, some of which were about fourteen or sixteen inches 
in diameter, were the least decayed. The willow trees, which were 
two feet and upwards in diameter, retained a whitish colour like 
touchwood, and were even softer than the adjoining earth or moor- 
log. The moor-log appeared at about three and a half or four feet 
under the marsh ground, and diflfered in thickness, in different parts. 
Up the Thames, at Deptford, it was six feet in thickness. In Wool- 
wich Reach, where Captain Bronsden had then beein repairing his 
wharfs, over against the ballast wharf, it was between seven or 
eight feet thick. In Plumsted Levels, just against Barking Creek, 
its thickness was full nine feet; its thickness, as well as its breadth, 
gradually increasing down the river, on both sides. None of it, he 
says, was to be seen where the course of the river cuts into the 
high-land, as at Woolwich, Erith, and Purfleet. Beneath the moor- 
log was a stratum of blue clay, and under this gravel and sand. 
Stags' horns were likewise found in different places, a little al>ove 
the vein of moor-log. 

The description of the peat at Newbury, in Berkshire, will serve 
to give a tolerably correct idea of the appearances it generally pre- 
sents in this country; and will also shew that it does not seem to 
differ, in any thing material, from that, which we have seen, exists in 
the other parts of the world*. 

The peat found in the middle of a valley, across which the town 
of Newbury lies, north and south. The river Kennet runs along 
the middle of this valley, which is about a mile broad, and the peat 
is found on each side of it, extending in all, for about a quarter of 
a mile, to about half a mile in breadth; and in length, along the 
v^ley, about nine miles westward, and about seven miles eastward; 

* Philos. Trans, vol. l. parti, p. 109. 
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A great many horns, heads, and bones of several kinds of deer, 
the homs of the antelope, the heads and tusks of boars, the heads 
of beavers, &c. are also found in it: and I have been told, says the 
learned gentleman who transmitted the account to the Royal So- 
ciety, that some human bones have been found, but I never saw 
any of these myself, though I have of all the others. 

Mr. Aikin, whose Journal of his Tour through North Wales is replete 
with most interesting and useful remarks, speaking of the vallies 
among the mountains of Llangynnog, Cader-Ferwyn, and Syl$C^, 
in North Wales*, says, the soil is peat, a yard or more in depth, 
lying upon a thin stratum of rounded pebbles, chiefly quartz, with 
some schistus: the botttmi of the bogs is a grey clay, formed, pro- 
bably from the decomposition of the rock. Near Aberdovey, in 
Merionethshire, he observed a considerable peat-moss, extending 
along the shore to Tomyn, reaching into the sea to an unknown 
extent, from which the inhabitants dig their fuel. 

Whole bodies of trees, according to the relation of Dr. Gerard 
Boate, are frequently found, in Ireland, by the turf diggers, very 
deep in the ground. And it is worthy of observation, he says, that 
trees and trunks of trees are, in this manner, found, not only in the 
wet bogs, but even in the heathy ones, or red bogs ; as in that by the 
Shannon side, in which bog the turf diggers do many times find whole 
fir trees, deep in the ground : whether it be that those trees being 
fallen, are by degrees sunk deeper and deeper, or that the earth 
in length of time be grown over them-f. 

Not only the presence of fossil trees in beds of turf, but also the 
existence of this substance at a prodigious height, is related, by 
Villars, professor of natural history of Grenoble, in a paper read 
before the national institute of France. He relates, that on the 

* Page 92. 

t The Natural History of Ireland, by Dr. Gerard Boate, 1652, p. 65. 
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An Account of the Ground of a Wate^Pity bored at Amsterdam ^ pre-- 
sented to the Society by Mon. Huygens de Zulichem. 

In the year 1605, the 15th of July, a water-pit was bored at Amsterdam, in the hos- 
pital of old men, 232 feet deep, (which is some 32 feet higher than the steeple of the 
old church there) and the ground was found as followeth : 

1 Stony and garden ground 1 

2 Fen and dairy (turf) • 9 

3 Soft clay 9 

4 Sand 8 

5 Earth 4 

6 Clay 10 

7 Earth 4 

8 Here followeth the sand on which mosf part of 

Amsterdam is founded ..••• 10 

\wi^ 9 Clay 2 

' ' 10 White sand 4 • ^ 

11 Dryearth ^, 5 

12 Turf bruised 1 

13 Sand 14 

14 Sandy clay 3 

15 Sand and clay mingled 5 

16 Sand and sea shells 4 

48 

17 After these ninety-nine feet, there is a couch of 

clean clay of 102 

18 Sand, in which the boring ended 31 

— -133 

232 feet. 



In the foregoing account, Mr. Huygens remarks, one thing is par- 
ticularly observable, the occurrence of turf twice in the same boring, 
once immediately below the vegetable mould and gravel (stony 
ground), and again at the depth of seventy-two feet. 

Various opinions have been adopted respecting the origin of 
peat, arising from the different appearances yielded by it in differ- 
ent situations. Many were of opinion, that it had obtained the 
forti in which it now appears, when it originally came from the 
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ledges, that the resemblance which the fossil trees bear to real pines 
is so great, that the peat-pits are called by the common people 
keenerij kien-homen^ or kien-hout; kien or keeuj being the word 
which, in the German language, signifies pine. 

In a similar manner he endeavours to account for the pine nuts 
or^ cones, which are found amongst the peat. If they be real pine- 
nuts, they must, he says, astonish every one; for although the pine 
is found in considerable numbers near to Breda, in Brabant, yet it 
is seldom found in any other part of Belgium. 

He therefore, cannot think, although he cannot but admit, that, 
formerly, pines might have grown on thfese spots, and have been 
there overthrown and preserved, with their nuts, from putrefac- 
tion, by the including matter; that all those resinous balls, mi^ed 
with, and resembling those bodies, which he admits to be pine nuts, 
can possibly be real nuts ; but he rather supposes them to be of the 
same nature with other bituminous masses, some of which, not un- 
like to walnuts, and others to eggs, are sometimes met with whilst 
digging. The only difference, he thinks, is that, in the seeming 
pine nuts, there is an admixture of sulphur and other things, which 
render them of a resinous nature, similar to the real cones. 

Some also have attributed the formation of peat to the sinking 
of large floating islands, such as are now frequent in several parts 
of Holland, and such as have been known to have existed in very 
early ages ; Seneca and Pliny having noticed the existence of a 
lake, on which was a floating island, near to Cutila, a town of the 
Sabines*. 

Dr. Plot, in his Natural History of Staffordshire, relates, that at 
that period there were two floating islands on Kinson Pool, which 
were about twenty feet broad, and about thirty, or perhaps forty, 
feet long. 

The utility of this substance, in those parts in which coal is not 

* Seneca Natur. Quaest. lib. iii. cap. 16. Plin. lib. iii. cap. 12. lib. xxxi. cap. 2. 
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LETTER XL 

BITUMINOUS WOOD....SURTUBBRAND OF ICELAKD....BOVEY COAL 

OF ENGLAND. 

Jr EEVxousLY to offenDg, for examination, the opinion which I en- 
tertain, respecting the nature and the formation of \peat, it will be 
proper to call your attention to some other substances; the origin 
of which has hitherto appeared to be equally doubtful; The neqes* 
sity of fiimishing you with the most material facts, which have 
been noticed, respecting these substances, before I attempt to com« 
municate my ideas respecting the nature and the formation of peat^ 
will, I trust, plainly appear, when I shew you the K^onnection which 
appears to exist between it and those several substances; and when 
I also endeavour to demonstrate, on what principle the fonnatioA 
of all these substances depends. 

The substance, with whose nature and properties I shall next en- 
deavour to make you acquainted, is that which in Iceland is called 
surturbrand, and which, in this country, is chiefly known by the 
name of Bovey Coal. 

The ligniform appearances, which bituminous substances some- 
times bear, have been long known, and even the particular kind 
Avhich we are now about to examine, has been noticed by some of 
the early writers in natural history. This substance, although pos- 
sessing all the properties of bitumen, bears the distinctive marks of 
wood, but generally in the form of splinters or chips; or, if in larger 
masses, these are very capable of being divided into such fragments, 
even with a very slight force. 

Theophrastus states, that there is found, in the mines of Scapte- 
sylsB, a stone, in its external appearance something resembling rot- 
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flbKB are verj confosed ; the same fibres rumiuig straight, oblique, 
tmsTerse, circular, and indeed in every possible direction, which^ 
he observes, is never the case in vegetable vood. 

PUlingen, who wrote exjNnessly on the fossil wood of Meizlibisen, 
in Misnia, between Zi^a and Altenberg, gives the following accu- 
mte description of it, entertaining the same opinion of its mineral 
origm with Schoockius : Whibt digging in a valley, at the foot of 
a nountain, near Altenberg, which had been deepened by frequent 
strong currents of rain water, flowing from this and the adjacent 
mountains; wonderful, he says, to behold, at a little distance froin 
^e surfoce, Ihey found a substance like decayed wood, capable of 
being inflamed ; bearing marka resembling those ^diich result fitmi 
an annual increase; and, in a word, so formed, by natofe, that 
water was BOt more like to water, nor milk to milk, than this mine- 
lal wood^ thus formed by nature, was to vegetable wood. The fibres 
of this wood, unlike to yegetable wood, were contorted and twisted 
in almost every direction, and it was generally found split into slices 
or chips. It was very light, except when containing pyrites, and 
its colour was a darkish brown. Whilst burning, it yielded a sul- 
phureous or bituminous smell, and was thereby resolved into a light 
white earth, not unlike to amianthus, or plumose alum. White, 
hard, and exceedingly heavy pjrrites, and particles of sulphur, he 
observes, were found very abundantly in this vein of fossil wood. 

Beneath this layer of wood, the earth was strongly bituminous for 
nearly seven feet deep, and differed hardly in any thing fit)m the 
wood itself, except that the fibres, which were distinguishable in 
the wood, were not here to be discovered of the same length: it was 
also much more frequently divided by clifts. 

At first, on perceiving that this wood was so light as to swim on 
water; that it inflamed on being ignited; that it bore the marks of 
the long veins of wood ; and, that it even had knots from which the 
boughs appeared to have grown ; he concbided it to be real wood. 
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die tree, but as hard as a bone, and in some as blacK as a coal* 
Si;nilar to the Bovey Coal, its veins, instead of running straight, like 
^tte fibres of wood, were undulated and irregular, taking a variety of 
forms, and were only superficial; for, upon taking off one of the 
thin laminas of which this fossil was composed, the veins under- 
neath appeared in a different direction. This fossil, when first taken 
out of the earth, burnt like a bone ; and consumed slowly in the 
fire, with a considerable smoke and disagreeable smell; but if dried, 
before it was burnt, the smell was more pleasing. Many of the 
pieces, he observes, are sprinkled with pyrites; and there exudes 
from some parts of it, a white bituminous substance, like rosin. 
Stelluti is convinced, that this ligniform matter is not of vegetable 
origin, but supposes it to be generated from a cretaceous earthy 
transforming itself into wood, by the assistance of sulphureous 
water, minerals, and subterraneous heat; a thick smoke, and some* 
times even flames appearing, particularly in rainy weather. 

Gassendus, in his Life of the illustrious Peireskius*, describes the 
fossil wood of Aqua Sparta, which had been just discovered. There 
were only found, he says, portions resembling trunks, but no ves- 
tiges of branches, knot, or roots ; which yielded an argument, as it 
were, that woods might be generated and concreted in this form, 
and not, according to the vulgar, derived from wood overthrown and 
become petrified. 

Professor HoUman, of Gottingefi, presented to the royal society 
a paper, which appeared in the second part of the fifty-first volume 
of the Society's Transactions, with the title of Montium quorundam 
prcealtorumy magna Ligru Copia quasi infarctorum^ brevis Descriptio; 
and in 1784 he republished it with some additions, at Gottingen, 
under the title of Loci memorahilis^ in qjw ingens Ligni fossilis Copia 
reperiturj Descriptio. 

From these accounts, it appears that, near the city of Munden, 

* Vita illustris Peireskii, lib, v. 1637. 
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and in that point of land which is washed bj the rivers Werra and 
Fulda, as they unite to form one stream, several mountains succes- 
sively arise. On the top of one of the loftiest of these, which is 
about 1150 parallel feet in height, is found a layer of mould of about 
a foot and an half, or two feet thick , under which is a stratun\ of 
yellowish clay, of two or three feet in thickness; and another, of a 
brown colour, considerably impregnated with alum and sulphur; 
and beneath these so large a quantity of fossil wood, as would al- 
most exceed the belief of any one who had not seen it. This sub* 
stance, called by those who dig it, fossil coal, the professor himself, 
at first doubted, whether it was really fossil wood or not; but it was 
not long before he became fully convinced, that it was indubitably 
of vegetable origin : he discovering not only the longitudinal, but 
with a glass, even the transverse fibres; and by a transverse fracture 
the marks of the wood's annual increase. This wood existed almost 
entirely in small fragments, laying very compactly on each other, 
each fragment being divided by numerous fissures, so as to render it 
difficult to form any opinion of the real size of the trunks, or 
branches, which they originally formed. Nor, during all the time 
which they had dug for this wood, had they ever met with any of 
length suflicient to show the branches; neither had they discovered 
any leaves, or any fragment still retaining its circular form. The pro- 
fessor, however, hhnself saw a trunk with a portion of the roots still 
adhering, fully impregnated with pyrites. On another piece he ob- 
served the traces of leaves sufficiently evident. Frequently, he re- 
marks, are pieces of wood found, not merely almost surrounded with 
pyrites, but so fully impregnated with them, that although the situa- 
tion and form of the several parts of the wood are exactly preserved, 
its conversion into pyrites appears to be entirely complete. Some 
of the specimens of this kind are described as being most elegant in 
their appearance, but unfortunately soon fall into pieces when e^c- 
posed to the air; their surface first, as it were, exuding sulphur and 
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alum in a pahreniient fbnn. To present this decomposition and 
destruction of his ihore valuable specimens, he adopted the practice 
of washing off the salts from them, by two or three times in the day 
pouting boiling water over them; and thus he had preserved some 
for the space of three or four years. 

The quantity of this fossil wood appears to have been truly pro- 
digious. The stratum, of which we have hitherto spoken, was about 
twenty feet in depth, the bottom of it resting on a stratum of stone; 
about a foot in thickness. On piercing this, another stratum of 
fossil wood was found: to discover the depth of which several at- 
tempts were made ; but although the borers passed to the depth of 
tfairQr feet, they did not reach to the bottom of this stratum* Hence 
it was only ascertained, that the fossil wood was at least fifty feet 
de^ ; since they were unable to determine to how much greats 
a depth the stratum reached. A difference was observable in the 
two strata, which merits our particular notice: the fossil wood con^^ 
tained in the upper stratum, was of a light brown colour; but that 
in the inferior stratum, was of a much darker brown, verging upcm 
black. 

The earth, which lay over the fossil wood, not only had the same 
brown colour for more than half a foot in thickness, but was im- 
pregnated with similar sulphureous, and aluminous particles, and 
even yielded almost as good fuel. 

Taking advantage of a passage which had been dug into the 
body of fossil wood, the professor passed nearly two hundred feet 
in length within it, so that the roof, floor, and sides of the place, in 
which he stood, were entirely composed, of what he esteemed, a 
mass of vegetable ruins. Here the water, which had insinuated it-* 
self in the top of the mountain, was found dripping through the 
roof; and sulphureous and aluminous matter were found to exist, 
in an equal proportion, with that which pervaded the other parts of 
this mass. Between the fossil wood was seen, in some places, a 



Ill 

vein ot hard, blackish bitumen, possessing almost the hardness and 
splendor of jet. This vein of indurated bitumen, was a foQt, and 
even more, in thickness. The professor saw, also, some specimens 
of marble, from this mountain, containing small bivalves; and 
obtained, from the same mountain, two marine shells, the one in 
a petrified, and the other in a pirytified state; as well as a most 
elegant serrated tooth, resembling those of the shark, which, with 
its base, measured three inches and an half in height. Hence 
he eoncludes that this mountain mu^t, at some former period, have 
been covered by the sea. 

The indefatigable Rosinus, who also visited this mountain, re- 
lates, that a large quantity of potter's clay is dug here, and fire- 
quentiy with it fragments of wood, with black bitumen, and some^ 
times pyrites. He also describes hard flint stones, containing diar- 
coal; and reeds, flv at least their impressions, which, with an abun<» 
dance of marine remains, were dug out of the bowels of the earthy • 
in the same mountain. 

Professor Hollman also gives us, in the same work, a particular 
description of the circumstances, most worthy of notice, which he 
perceived in the examination of a mountain, near Altendorff, so fiet^ 
mous for its salt-works, on the borders of Hesse. The height of 
this mountain appears to be about 2500 feet, exceeding that of the 
mountain, just described, in the neighbourhood of Munden, full 
seven hundred feet. His astonishment was here still more excited, 
than when contemplating the wonders of the former mountain. 
tJnder an immense roof, formed by a vast stratum of stone, which 
was from eighty to an hundred and forty yards in thickness, was a 
v6in of fossil coal, in most places of upwards of twelve feet in depths 
which had long been dug to supply fuel for the neighbouring salt- 
works, and of which an incalculable quantity still remained. This 
fossil coal agreed almost in every respect with the small vein of bi- 
tumen he had observed in the interior passages, which had been 
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dug in the mass of fossil wood, in the former mountain: possessing, 
like it, the brightness and hardness of jet. In proportion also, as 
the> fossil wood lay near to its superincumbent stratum of fossil 
coal, it was evidently the more impregnated with bitumen; possess* 
ing a darker colour and a greater degree of compactness. That 
which was at a greater distance from the vein of coal, being situated 
still lower, diflfering not much in its colour, and general qualities 
and appearance, from common decayed wood. It is a circum- 
stance worthy of particular attention, that the stratum of stone^ 
at its inferior surface, was so exactly adapted to the upper surface 
of the stratum of coal, as to give the idea of a fluid matter having 
been poured over the subjacent hard and coherent stratum. In the 
same manner, also, did the lower surface of the fossil coal apply 
to the superior surface of the fossil wood. 

In the same volume of the Philosophical Transactions* which con^ 
tains Professor HoUman's more abridged account of this fossil wood, 
is also a paper by the Rev. Dr. Jeremiah Milles, entitled '*^ Remarks 
on the Bovey Coal.'' Dr. Milles observing, that the fossil wood de- 
scribed by Professor HoUman corresponded in many particulars 
with some strata, discovered about fifteen years before, in Devon- 
shire, and which he was satisfied were not of vegetable origin ; con-: 
eluded therefore, that the substance described by Professor HoU- 
man, likewise, was not wood. The account of this fossil, the Bovey 
Coal, as given by Dr. Milles, is highly interesting, and is therefore 
here given in his own words. 

** It is found on a common surrounded with hills, called Bovey 
Heathfield, in the parish of South Bovey, thirteen miles south-west 
of Exeter, and three miles west of Chudleigh. The uppermost of 
these strata rises within a foot of the surface, under a sharp white 
sand, intermixed with an ash coloured clay, and underlies to the* 
south about twenty inches in a fathom. 

* Philos. Trans, vol. li. part 2, p. 534. 
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' "The perpendicular thickness of these strata^ including the beds 
of clay, with which they are intermixed, is about Seventy feet. 
There are about six of each, and are found to continue eastward^ in 
an uninterrupted course, to the village of Little Bovey, a mile dis^ 
tant; and probably extend much further. The strata of coal, near 
the surface, are from eighteen inches to four feet thick; and 
are separated by beds of a brownish <5lay, nearly of the same 
dimensions, but diminishing in thickness downwards, in propor* 
iitm as the strata of coal grow larger ; and both are observed, to 
be of a more compact and solid substance, in the lower beds. 
The lowermost stratum of coal is sixteen feet thick ; it lies on a 
bed of clay, under which is a sharp green sand,^ seventeen feet thick, 
and under that a bed of hard coarse clay, into which they have 
bored, but have found no coal. From the sand arises a spring of 
clear blue water, which the miners call mundic water j and a water 
of the same kind, trickling through the crevices of the coal, tinges 
the outside of it with a blue cast. 

" Beneath this was an equal, if not a greater, quantity of fossil 
wood, with that which existed in the mountain already mentioned. 
With that wood it appeared, in general, to agree pretty much in its 
nature and appearance^: it however did not seem to be accompanied 
by so much mineral salts as the other. 

"Some small, and narrow veins of coal, are found intermixed with,- 
and shooting through, the beds of clay; bearing impressions, like' 
those of reeds and grass ; and very similar to those which are found 
on the top of coal mines. The clay also, at least that part of it'' 
which lies nearest the coal, seems to partake of its nature^ having' 
somewhat of a laminous texture; and being, in a small degree^ in-^ 
flammable. Amongst Ais clay, but adhering to the veins of coal; 
are found lumps of a bright yellow loam, extremely light, and sc/ 
saturated with petroleum, that they bum like^ealingwarx, emittiti^ 
a¥ery agreeabljj and aromatic sceht* . «• • - - '^'* •' • ''* 



'^ Though ih^ sal)9tance and quality of this coaI» in its several 
strata, are much alike;, ^nd it i9 all indiscriminately used for the 
mupe purposes; yet there is some difference in the colour* fonoi' 
u)4 texture of the several veins. The exterior parts, which lie 
neaie^t to the clay, h^ve a greater mi?^ture of earth, and are ge-> 
lier^Uy of ^ darl^ brpwn, or chocolate colour; some of them appear 
li]^ ft mfss of qpal and earth mixed; others have a laminous tex-> 
t^re, but th^ Ifunins^ run in such oblique* waving, and undulating 
formal, t^at they bear a strong resemblance to the roots of trees, of 
irhioh kind, the Doctor says, I have seen some specimens from 
{iough Nefghs in Ireland, which »eem to be the same scnrt of fossil. 

** lliere ^re other y^m^ of thi? oeal, which lie more in the centre of 
these strata, and abpimd most in the lowest and thickest bed, thfli 
^ubst^nce ef whieh w more compact and solid ; these aie as blacky 
f^nd almost 99 heftvy* as pit coal ; th€^ do not so easily divide inta 
\amin«e, f^nd seem to be more strongly impregnated with bitumen; 
these are distinguished by the name of ^<me coaht and the fire oC 
Ihem is more strong and lasting than that of other veins. 

«* Bat the ^ost remarkable and curious vein, in d^ese strata, is tbfit 
which they call the wood-coal, or board-^coaly from the resemblance 
which the pieces have to the grain of deal boards. It is sometimes 
of a chocolate colour, and sometimes of a shining black. The for-i 
mer sort sieems to be less impregnated with bitumen, is not solid 
and h^vy, as the latter, and has more the appearance of wood. It 
lies ip straight and even veins, and is frequently dug in pieces, of 
three or foiir feet long, and, with proper care, might be taken out 
of a much greater leQgth. Other pieces of the same kind are found 
^ing upoi^ them» in aU diieictioos, but without the least intermix* 
tvre of earth) an,d without 9s>^ interstices,, except some small ere-, 
xices, by which the pieces are divided from each other, in all di' 
lections. When it ia first dng, and moists the thin pieces of it will 
bend like horn; but when dry, it loses aU its elastidty, and become^ 
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short and crisp. At all times, it is easily to be separated into very 
thin laminae, or splinters; especially if it lie exposed any time to 
the heat of the sun ; whieh, like the fire, makefs it crackle, separate, 
and fall to pieces. 

•• The texture of this fossil consists of a number of laminae, oir 
very thin plates, lying vtpon each other horizontally, in which small 
protuberances sometimes' appear, like the knots of trees; but uponf 
exammiation^ th6y are only mineral nuclei, which occasion this in- 
terruption in the course of th6 laminae : and pieces of spar have 
been sometimes found in the n^iddle of this wckxl coal. Though 
the texture of this coal is laminated, yet it does not appear to have 
amy of those fibrous intersections, which are observed in the grains 
of att wood. This coal easily breaks transversely, and the sepa- 
rated parts,^ instead of being ragged and uneven, are generally 
smooth and shining, in which even the course oi the lamhiae is^ 
hardly discernible. 

^^ When this cool is put into the fire, it crackles^ aind separates in« 
fo laminae, as the cannel coal does, into irregular pieces; burns fc¥ 
somie time, with a heavy flame ; becomes red hot, and gradu^ify 
consumes to light White ashes. Though the transversie crevices^ 
made in it by the fire, give it tike external appearance of a wooden* 
brand, yet, if quenched when red hot, the uneonsumed part does 
not look like charcoal, but seems to be almost as smooth and solid; 
as when first put into the fire. 

" The thick heavy smoke, which arise^^from this cdal When blifnt, 
is very foetid and disagreeable : entirely different from that aroma- 
tic scent of the bituminous loam, which is- found adhering lb it' ; 
but much resembling that of the asphaltum* or the bitumten of the 
Dead SeaJ. The most shining and solid pieces of this coal, havfe' 
not the least degree of electrical attractiottv-' 

Notwithstanding the resemblance; whiteh- tfhiS foSslI beah^ to 
wood, especially when viewed in detached jHiSceii; yet the iibcfef 
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Avas of opiniooy that he waft able to prove that it was not of a ve-» 
getable, but of a mineral origin. 

The observations on which he founded this opinion, will require; 
however, here to be mentioned only in a cursory manner. His first 
objection is derived from its quantity; since it extends here to the 
depth of seventy feet, and in that of Munden, as we haVe seen^ 
they had bored to the depth of fifty feet, without discovering its 
bottom: he thinking, that there could have been no imaginable 
cause in nature, which could bring together such a mass of fossil^ 
wood, as is found in this and similar strata. 

Fossil trees, he remarks, are generally discovered in morasses and 
soft ground; where they have either buried themselves by their own 
weight, or been overwhelmed by somcr accidental cause: but the 
Bovey Coal is found in a dry soil, internii^^cd with clay and sand; 
and by its regular course and continuance, he think?, carries the 
most undoubted marks of never having been disturbed since its 
original formation. Fossil trees, he likewise observes, preserve 
their form and size, their length and roundness, their branches and 
roots, their fibrous texture and strength; and are either found entire, 
or in such large pieces, that there is no room to doubt of their na- 
ture ; since the very species of wood is frequently distinguishable : 
whereas the Bovey Coal comes out only in flat pieces of a few feet 
long, like the splinters of large masts; and on them we discover no 
signs of roots, branches, or bark; no round pieces, or concentric cir- 
cles, which distinguish the annual growth of trees : the laminae, which 
have the appearance of wood, being always horizontal, according 
to the situation of the pieces in the strata. Again, he observes, if 
the basis or matrix of this fossil were wood, it would acquire, by 
being impregnated with bitumen, a greater degree of inflammabi* 
lity ; whereas it neither kindles, nor consumes so fast as wood. 

The inflammability, and laminated texture, of this fossil, which 
have been the circumstances leading to the supposition, of its being 
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of vegetable origin, may be accounted for, in the opinion of Dn 
Milles, from the nature of its principles, and their disposition, when 
united, to assume certain fomis. 

It must not be omitted to remark, that the strata of Bovey ac- 
cord very much with those of Munden and AUendorf ; the stratuiu 
of wood, both in Germany and England, being accompslnied with 
clays, boles, and sand. At Bovey, there also being beds of very 
fine pipe-clay, of which great quantities used to be sent to Liver- 
pool. 

The fossil wood of Iceland, described by Wormius*, appears to 
be also of this kind. The mrturhrandj or sortebrande^ accord- 
ing to his account, being a laminated substance, generally black, 
but sometimes only of a dark brown colour. When first dug out of 
the earth, it is capable of being bent like a twig ; but it is brittle, 
when dry. It consists of oblique fibres, frequently interrupted by 
knote, like the roots of a great tree, which are full of crevices. This 
stratum is found, he says, some yards under the earth, in a niioun- 
tain so high and perpendicular, that those only who have been ac- 
customed to climb such precipices, can venture to dig for it. There 
is no appearance, that trees ever grew where this fossil is found ; 
Wormius, however, concludes them to be roots of trees turned 
i^ack, by a subterraneous vitriolic juice. 

^orrebow, in his History of Iceland -j-, describes the sortebrandy 
or black-brand, as an extraordinary sort of wood, very hard, heavy, 
and black, like ebony; which is found deep in the ground, in broad, 
thin, and pretty large, pannels, or leav^; fit for a moderate sized 
table. It is, he says, generally wavy and undulated; and found in 
the rocks or great stones, wedged, as it were, close in. 

But the most satisfactory account we have had of the fossil wood 
of Iceland, is given by Dr. Uno Von Troil, from the observations 

* Mus. Wormian, lib. ii. cap. 16. 

t The Natural History of Iceland, by Horrebow, p. 3$. 



118 

he made dunng a voyage to that island, with Sic Joseph Banks, Dr. 
Solander, and Dr. Lind, in the year 1772* 

TTie surturbrand, he says, is evidently wood, not quite petrified^ 
hut indurated ; which df ops asunder as soon as it comes into the 
air, but keeps well in water, and never rots: it gives a bright, 
though weak flame, and a great deal of heat, and yields a sourish, 
though not unwholesome smell. 

The smiths prefer it to sea coal, because it does not so soon waste 
the iron. The Icelanders make a powder of it, which they make 
use of ta preserve their clothes from moths : they likewise appfy it 
externally against the cholic. The doctor says, I have seen tea* 
cups, plates, &c. in Copenhagen,, made of surtuibraind,, which takes 
a fine polish* It is found in many parts of Iceland, generally in 
the moimtuns,in hoirizontatl beds; sometimes more than one bed 
1^ to he met with,, as m the mountain of Lack, in Ba]:destnnd^ 
where foin: strata of surturbcattd are found,, altemafcely with, differ^ 
ent kiflidd of stone. 

He- brought a large piece of it with him to Sweden, in whi^ 
there were evident marks o£ br^iches, the circles of the annual 
growth oS ll» wood*. 

The samue sort of fossil wood is described by Wonnius as: found 
in the island of Faro. It does not, he says, readily take fire,^ 
but has a. splendor like jet. It is found in the crevices of the 
rocks^ and is taken out in lamina,, or splinters, of three or four 
inches thick. 

Scheuchzer mentions a stratum of fbssil wood, which he saw near 
Thun, in Switzerland, which was laying under several strata of flints,, 
clay, and ash-coloured marie; Of this wood, he says, some parts^ 
on exposure to the air, grew hard,, and others broke to piieces. He 
noticed also^ that the trunks and brandies* of this fossil wood 
were not round, but compressed; yet, in some places, clothed 

* Letters^UL Iceland^. bj: Dn Uiio Van TroiI,.DiD. p; 42. 
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with their bark^ and here and there adorned with their leaves. The 
wood was inflammable^ making a strong fire, and serving instead of 
fossil coals. 

Dr. Plott in his History of Oxfordshire, relates, that the scarcity 
of firing, in some parts of that county, has induced the people to 
bum a sort of black substance, of a grain somewhat like rotten 
wood, half burnt; partaking also of a mineral nature, and therefore 
called by authors metallophytany or lignum, fossik. Put into water, 
it will not swim; and into fire, it consumes but slowly, and sends 
forth very unpleasant fumes. A vein of it, at Ducklington, looked 
like wood; yet broken, shewed a smooth and shining superficies, 
oot unlike to stone pitch; and put into the fire has not near so ill a 
smell. The doctor^ who fully believed in the firolics of the. stone- 
forming archaeus, says» as to the substance of lignum fossilCf h it: 
thought to be a cretaceous earth, turned to what it is by subtemn. 
neous heats ; for that it was never formerly wood, notwithstanding, 
its specious and outward likeness, is plain from its nevei being 
found with roots or boughs, or any other signs of wood *• 

Dr. Morton, who likewise did not believe in the subterranean 
change and preservation of organised matter, describes two or three 
species of this metallophytonf , one of which, he says, is of a dark 
colour, and has a grain; for in one direction (which is usually ac-« 
cording to the length of the pieces) it cleaves or parts pretty readily 
into plates and splinters; the other way it snaps into shorter pieces, 
and will not cleave at all. There is another sort, which does not so 
readily part into flakes. NQne of these are found in any large 
masses. They are all, more or less, of a gbssy black, and have a 
density or smoothness within, like that of bitumen, or jet« In that 
also they resemble, as he remarks, the true bitumen, or piasaphadK 
ton. lliey aie not so firm and l^d ba the comnfeon cmI^ and are 

* The Natural History of Oxfordshire, by Dr. Hotf, p. €S. 

t The Natural Hiatosy of NorUuiSj^toiishice, lyf Diw MoflM,vp. 121. 



180 

jmuch more brittle than cannel coal, or jet. They likewise all of 
them agree, pretty nearly, in the same properties* In water they 
sink; they are all inflammable, but consume slowly in the fire; 
emitting a somewhat unpleasant fume, not unlike that of bitumen, 
only fainter. 

A coal is found in the cliffs, near the castle, in the isle of Port- 
land, which has been thought to be similar to the coal which we 
have been hitherto considering. The Kimeridge Coal, so called 
from the place where it is dug, and which appears in most of 
the cliffs of the isle of Purbeck, from St. Aldhelm's Chapel to East 
liul worth, and at Ovington, opposite to that part of Portland where 
the. coal .is dug, is also supposed to be of the same kind. But on 
reviewing the description of these coals, which are said to be very 
hard, and to shiver into pieces like slate, when exposed to the air, 
I am more disposed to suspect, that this fossil was rather a bitumi- 
nous schistus, than a species of the Bovey Coal. 
, Hofiman appears to describe a similar species of fossil woodv 
found in the neighburhood of Fischausen, &c. where they dig fop 
amber. The upper stratum is sand, under it a bed of clay, and 
then a woody stratum, consisting of a substance like old wood, but- 
inflammable; under this, he says, was a vitriolic mineral; and lastly 
a bed of sand, in which a great quantity of amber was found*. 

Of this kind too, very probably, was the fossil wood described by 
Cffisalpinus, as found in the kingdom of Naples, in a hill near the 
city of St. John. Part of this, he says, is formed of an incrusted in- 
flammable stone, of a brown or ash colour, resembling decayed' 
wood. This, he says, the inhabitants employ for their fires. As it 
bums it becomes black, like half-burnt wood, and at length passes 
into cinders. 

Mr. Fontaine discovered a subterraneous forest, at the bottom' 
of the chain of mountains between Lyons and Strasburgh. .Some 

* Qbierrationef PhyaicojCheiiiicales, lib. ii. p. 199. 
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of the^ pieces of wood still retaining their tigneous fonn» though 
actually a vegetable coal. 

In the island of Pago^ one of the islands in the Adriatic^ is a large 
internal salt water lake, on the bank of which, is a mine of fossil 
coal, which is, most probably, similar with the Bovey Coal. It is 
described, by the Abb6 Fortis*, as still preserving the distinguish^ 
able appearance of wood; but being of so bad a quality, that no 
use can be made of it except in a case of the greatest necessity. 

Mr. Brand informs us, that Sir Joseph Banks, Bart, and President 
of the Royal Society^ so eminent for his knowledge in natural history, 
fevoured him with tikfe inspection of a large specimen of fossil coal 
found in Iceland, in strata of considerable thickness, and at great 
depths; which seemed to exhibit a substantial proof that coalori* 
ginally was wood. Sir Joseph has preserved several trunks of it,, 
each of which is flattened, possibly by the weight of super-incum- 
bent strata; so that instead of being cylindrical, as the body or 
root of a tree naturally is, it is flat. Some of them are more, and 
some less woody; one is a fair plank of wood. As the woody 
ones are the greatest curiosities, they are sent in preference. The^ 
specimen described," appears to have been the root of a small tree, 
with the bark still adhering and remaining on the greatest part of 
it. In the lower part, however, the transformation had proceeded 
further than at the top, so that it was real coal, while the top was 
actual wood -j-. 

Count Stolberg relates, that bituminous wood may be found 
almost every where, at a certain depth, on the westem part of 
Orange Nassau; in about 200 fathoms west of which is an immense 
quarry of iron stone. 

A coal, resembling the Bovey Coal, has also, according to the 

♦ Travels into Dalmatia, by Abb6 Alberto Fortis, p. 503. 

t The IJistory and Antiquities of the Town and County of the Town of Newcastle- 
Upon-Tyne, by John Brand, M. A. 17S9. 
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account of Mr, Barrow, in his Travels into Southern Africa, been 
found at the Cape of Good Hope. 

Pillingen informs us, that upon distilling the fossil wood of Meiz- 
libizen, he obtained from it, as well as from thie bituminous earth, 
which accompanied it, nothing which appeared' to be derived from 
vegetable matter. With a gentle heat, on sand, a water came 
over, tasting of bitumen, and a limpid and penetrating oil, like oil 
of amber. On increasing the heat, he obtained a more foetid, thick, 
and sulphurous oil; with a shghtly acid, but pungentlj smelling 
water. By still farther increasing the heat, he obtained a most 
thick, black, stinking oil, with ' a turbid sul^urous water, having 
an acid and disagreeable taste. With an intense naked fire^ a light 
bro^, flocculent, sulphurous, or rather, he says, a saline bitter sub- 
limate arose; leaving a hard clinkery matter at the bottom of the 
retort; from every hundred pounds of which, he assures us, he waa 
able to obtain nearly an ounce and a half of the purest silver. 

Dr. Milles also subjected the Bbvey Coal to analysis, by which, 
he says, if any doubt could remain of its being a mineral substance^ 
it must be completely removed. 

From one pound of Bovey Coal, of the woody kind, he obtained 
on sand, four ounces and a half of water, of a bituminous smell and 
taste ; nearly four ounces of a turbid, whitish, bituminous liquor, 
of an intolerable foetid smell, and extremely pungent to the tongue; 
and about two drachms of a heavy bituminous matter, which would 
not mix with the former liquor, but sunk entirely to the bottom, 
without leaving any light oil floating on the bituminous liquor. 
There remained in the retort about seven ounces of a very black 
powder, which had the same bituminous smell, and not very heavy; 
some of which being put on a red hot iron, emitted a little smoke, 
but no flame. The ashes of this fossil yielded no salt on being 
boiled in water. 

Salt of hartshorn manifested no particular effect with the water 
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whicti first came over; but with the bituminous liquor, allowed to 
stand until it had become clear^ it caused a considerable ebullition; 
the mixture becoming foul and red, and in a few days it became 
thickened and of the colour of tar; the surface of it, as well as the 
sides of the phial, being covered with a bituminous pellicle. By 
exposing the black gritty powder, in a retort, to a red heat for two 
hours, the neck of the retort became thinly incrusted with something 
that resembled a saline concrete, but which he found to be only a 
bituminous matter. 

The black powdery residuum being kept red hot in a close vessel^ 
for a longer time than he thinks would be sufficient to have reduced 
an equal quantity of vegetable charcoal, still emitted a thick heavy 
smoke, when sprinkled on a red hot iron; and upon farther expo* 
sure to heat, in an open vessel, an astringent mineral salt was lefl, 
but no saline matter^ which, he thinks, together with the bitumi- 
nous nature of its products, affords a sufficient proof of this fossil 
wood differing from all known wood, belonging to the vegetable 
kingdom, and of its being an actual mineral substance. 

I cannotxlose this letter without,in justice to Professor Hollman, 
noticing the hard fate of his useful observations, or rather disco* 
veries, on this subject. In the year 1753, he delivered to the Royal 
Society of Gottingen, a most excellent dissertation on the origin of 
marine, and other foreign substances, contained in the earth*; 
which appeared in the third volume of the Society's Transactions. 
Another dissertation, the one from which we have derived so much 
information^, was als^ecreed to appear in the fifth volume of the 
same work; but foreseeing, what actually happened, that the lat« 
ter paper would be excluded from public view, in consequence of 
some disputes of a part of the society with the publisher of the^ 

♦ De Corporum marmorum, aliorumque peregrinorum, in Terra coQtinente, Origins, 
t Loci memorabilis. m quo ingens Ugni fossiltfl Copia reperttur,. Descriptdon 



work, he providently resolved to transmit an abridged copj of h&f 
last paper to the Royal Society of London, who did him the justice 
to publish it in their Transactions. In the eame volume, wen^ 
conmiunicated to the public, the Remarks on the Bovey Coal, lyf 
Dr. Jeremiah Milles, which I have already so fully noticed; and in 
this paper the opinion of Professor HoUman, respecting the mir 
ture of this fossil wood, was, as you have seen, disputed, and its ml* 
neral origin asserted. The Professor, however, thoroughly convinced 
of the propriety of the opinion he had adopted, sent a paper whichi 
he supposed would confirm the arguments he had emfdoyed in his 
fonner paper ; but in consequence, as the Professor supposes,' of its 
not coming to hand^ this paper was never, in any way^ noticedk 
When he republished his two first papers, at Gottingen, in the year 
1784, he, therefore, joined to them two additional papers: one of 
which was the paper which had been sent for, but had not appeared 
in, the Philosophical Transactions; in which he fully evinced the 
truth, and propriety of his former observations; and the other con*^ 
tained some very judicious remarks on the hypothesis of the gra-^ 
dual change of a cretaceous earth into wood, which had been ad- 
vanced by Stelluti; and by which Dr. Milles had endeavoured to 
{support his hypothesb of the mineral origin of this fossil wood. 

Thus was the first original and complete copy of this author's in* 
genious paper> on this subject, kept for neariy twenty years from 
the eye of the public; and the abridged copy, governed by a fate 
not less severe, made its appearance, under the most unfavourable 
auspices; since, being published iil the same volume of the Philo- 
sophical Transactions of the Royal -Society of London which con- 
tained a very laboiired attempt at refutation of the very opinion he 
had adopted, it appears to. have obtained but little notice. The 
answer to Dr. Milles's paper, not appearing in the Philosophical 
Transactions, it seemed that the Professor, subdued by his superior 
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arguments, had left the field to Dr. Milles, and had totally relin- 
quished the opinions he had before advanced. Thus the state of the 
controversy existed for upwards of twenty years, when Professor 
HoUman finding that his paper had not been published in the Phi- 
losophical Transactions of London, he published it himself, with 
additional arguments, undeniably proving the truth of his first opi- 
nions, and the mistake of his opponent. 

In justice to the conductors of the Philosophical Transactions, I 
must inform you, that a diligent examination of the papers of the 
Royal Society, contained in the library of the British Museum, has 
Induced me to believe, that Dr. HoUman's paper never came to 
hand; since it is not to be found in its place: nor does there appear 
to be any notice of its having been received. 

I am pleased to find your last letter dated from Exeter, since it 
suggests to me, that by your taking Bovey ill your way, you will be 
able to obtain for me some account of the Bovey Coal, on the spot. 
This, I am confident, you will obtain, by applying to J. Templer, 
EscJ. on whose estate I believe some part of this fossil is plentifully 
found. 

Yours, &c* 
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LETTER XII- 

IN ANSWER, FROM BOVET. 
PRESENT STATE OF THE COAL-PIT AT BOVEY...,STEATA, &C. 

Our little party are indebted to your letter of introduction to Mr^ 
Templer, for a considerable degree of pleasure ; and that, notwith- 
standing that gentleman was obliged to be absent, in a distant 
part of the country, at the time we paid our visit to Bovey, His 
polite attention had prepared for us every gratification which the 
kindest hospitality could direct: and careful that, notwithstand* 
ing his absence, the object of our visit should be obtained, as com- 
pletely as possible, he had requested a neighbouring gentleman to 
conduct us to the pit, and furnish us with that information which 
you wished to acquire. This gentleman, Robert Scammell, Esq. of 
Bovey, with the greatest affability, accompanied us to the spot where 
this extraordinary substance is found ; which we found deposited in 

layers, to a considerable depth, and extending but it is useless 

to give you the observations which I made, since, to secure to you 
the most satisfactory account, I prevailed on our obliging and 
scientific conductor to supply you with that intelligence, which his 
repeated examinations of this spot, made effectual by his scientific 
mode of conducting them, must render valuable. 

Particulars respecting Bovey CoaU dug at Bovey ^ near Chudleigh^ 
Devonshire — by Robert Scammell, Esq. of Bovey. 

BOVEY COAL. 

The strata covering the coal, consist of earth of the argillaceous 
genus,, the argilla apyra of Waller; the pfeiftn erde of the Ger- 
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mans. With regard to their depth, a more accurate idea may be 
ibmied from the annexed sketch; remarking, in this place, the 
lower the coal, the less the depth of the incumbent strata. The 
depth of the coal strata is various, as the following sketch will elu- 
cidate. The following table shows the depth of the several coal 
beds which are worked. 
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The lower coal strata furnish the best and strongest substance 
for burning. The shaft, from the grass to the bottom of the last 
coal stratum, is seventy-five feet deep. It has been bored thirty- 
three feet still deeper, but nothing was discovered but a kind of 
muddy clay, intermixed with sand. The disposition of the strata is 
displayed by their method of working: they begin on the top, and 
clear away to the distance of eight or ten fathoms, and work down, 
in a perpendicular direction, through the various strata, to the bot- 
tom of the shaft; then recommence their operations, &c. 

The direction of the strata is from north to south; the inclina- 
tion or dip tending to the latter. This inclination is computed to 
be about one foot in six ; the leading part is from east to west. The 
northern part reaches to the surface, within an hundred yards of the 
shaft, where it is cut off by a bed of sand ; to what depth the southern 
extremity reaches has not been, and possibly cannot be, ascertain- 
ed; however, it has been found to extend a quarter of a mile. The 
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eastern portion has been clearly found to extend upwards of seven 
miles, by the experiment of repeated boring; whilst the western has 
not, as yet, been traced further than two miles. 

The whole area, including the working, from the first period to 
the present time, amounts to ten acres. 

The Bovey Coal is now used for supplying the steam-engine, for 
burning Hme, and, occasionally, for giving the earthen-ware its first 
burning; it is not now used for domestic purposes, the sulphurous 
gas it emits being, not only extremely disagreeable, but injurious 
to the health of the inhabitants. It has been said, that exposure 
to the influence of the sun and atmosphere, for some months, has 
deprived it of this pernicious quality ; but this is not warranted by ex- 
perience; even seven years has only lessened, but by no means de- 
stroyed it intirely. It certainly undergoes considerable decompo* 
sition; the different laminae cracking and peeling off, from the eva^ 
poration of the contained moisture; it then weighing considerably 
lighter. 

The coal has some peculiarities, with respect to its appearance. 
From this circumstance, the workmen have divided it into three 
species or varieties, which they call stone coal, board coaly and knotty 
coal. Some portions bear evidently the effect of fire, and resemble, 
in every respect, as to external appearance and touch, the common 
charcoal. 

From every observation and inquiry I have made, it does not ap- 
pear, that any substance of a vegetable form has ever been dis- 
covered, either in the coal strata or incumbent strata: no leaves, 
pine-nuts, or any thing of a similar nature. 

Solid bitumen has often been met with, both in the coal and 
argillaceous strata; and it has been remarked, that the coal, 
taken up after this substance has been found, is always of good 
quality. A species of spar, the spath adamantin of the French, 
has been sometimes, though rarely, found in the middle of a por* 
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tion of the coal. The iron pyrites is met with very frequently. 
There are springs impregnated with ferruginous matter, depositing 
an ochre, which is sometimes used in the pottery. 

It appears, upon enquiry, that the space of time from the Biovey 
Coal being first worked, to the present, is a period of upwards of 
ninety years. The annexed sketch shews the arrangement of strata. 
The white denotes the argillaceous strata, the black points out the 
strata, from which the coal is procured ; and the lightly shaded are 
strata containing an inferior kind of coal, not worth taking up. 

OBSERVATIONS. 

The spot now -worked for the Bovey Coal, is situated in low 
boggy ground, which extends several miles : it is said to be the 
lowest in the county, but this is an assertion not true. To the 
south of the shaft, about a quarter of a mile, is a bog, from which 
has been taken (several feet below the surface) many trees of the 
fir kind ; several eighteen inches in diameter, together with pine- 
nuts, but no traces of coal. 

This is the account with which our friendly guide favoured us, and 
to us it has proved highly gratifying ; since we have been thereby 
enabled to compare the present state of this curious spot, with that 
in which it existed near fifty years ago, according to the descrip- 
tion given by Dr. Milles. To you, for the same reason, it cannot 
but prove particularly acceptable. 

Yours, &c. 
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LETTER XIII. 

BITUMENS. ...PARTICULAR KINDS DESCRIBED....KNOWK TO WBI« 
TERS OP THE HIGHEST ANTIQUITY....HISTORY OF NAPHTHA, PE- 

..TROLEUM, AND A8PHALTUM, FJE^OM THE MORE ANCIENT NA-^ 
TURALISTS. 

A HE substances, the nature of which next require our considera* 
tion, are those which are generally denominated bitumens. Naphtha, 
petroleum, mineral tar, mineral pitch or maltha, asphalt, elastic bi- 
tumen, jet, mineral coal, amber, and mineral tallow, are the different 
substances which, by general consent, are placed in this class. 

The propriety of dwelling on the history of these substances, in 
a work devoted to secondary fossils, may not, perhaps, at first sight, 
appear; but when their origin is more closely traced, and when 
they are considered, in connection with the other substances, which 
appear to be derived from the same origin ; not only will their im- 
portance be perceived, but their right to be considered, themselves, 
as secondary fossils, will, I trust, be evident. 

Bitumen is a substance of a peculiar kind, seeming to partake 
both of an oily and resinous nature, and is found either buried in, 
or proceeding from, different parts of the earth, in different states 
of consistence. The different degrees of consistence, as well as the 
variety of colour, which the more simple of these substances pos- 
sess, according to the valuable observations of Mr. Hatchett, de- 
pend on certain changes, which have taken place in the same sub- 
stance. We will first notice the more simple states in which these 
substances exist. 

Naphtha (okum terrcej^ which Mr. Hatchett considers as bi- 
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tumen in its greatest purity^ is a very thin^ yellowish, but some^ 
times colourless oil, of a strong, but not disagreeable odour. It is 
80 highly inflammable, that it catches fire, even on the approach of 
flame; burning freely, with a large white flame, and leairing 
scarcely any residuum. Its specific gravity may be taken at .8475 
from Brisson, It does not freeze at 0^. Fahrenheit. It is insolu- 
ble in alcohol. By exposure to the air, it becomes yellow, and 
then brown; and at the same time acquires a greater degree of con-^ 
sistency ; passing into petroleum. It is found iii great abundance 
in Persia ; it sometimes is found on the surface of the waters of 
springs, and sometimes issuing from certain strata. 

Petroleum is a tenacious, brown fluid, which, according to the 
length of its exposure to the air, increases in thickness, and in dark- 
ness of colour; until it acquires nearly the viscidity of common 
tar : its smell, at the same time, becoming less pleasant. In this 
state, although highly inflammable, it bums^ with a flame less deaf 
and white, yielding a soot, and leaving a small quantity of coaly 
residuum. Specific gravity, .8783, Brisson. It is also found ill 
Persia, and likewise in many parts of Europe. 

Mountain or Mineral Tar is the name given to this sub* 
stance, when it has acquired the consistency and colour of Com- 
mon tar. It emits a strong bituminous smell, on being buhit. Spe- 
cific gravity, 1.1. 

Mineral Pitch and Maltha, are terms employed to mark 
the different higher degrees of colour and consistency, which this 
substance possesses in its further inspissation. Whilst so soft as to 
possess some degree orfSnacity, it is called mineral pitch ; but when 
it has become almost black, and so hard as neither to stain nor ad^ 
here to the fingers, it is termed maltha. Its specific gravity varies 
with its degrees of induration, and with the quantity of datth it 
contains. 

Asphaltum appears to be the same substaoce, in its highest de- 
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gree of induration. It is a light, brittle, brown or blackish sub- 
stance; shewing, when broken, a conchoidal fracture, with a glassy 
lustre. It manifests a bituminous odour, when rubbed or heated* 
It melts easily, and is very inflammable; burning away, when 
pure, without leaving any ashes. Its specific gravity,, according to 
Xirwan, is from 1*07 to 1.65. 

: Asphaltum has been spoken of by Dioscorkies, and other writers 
before him, by the name of pissasphaltum ; this name, according to 
Pliny ♦, being applied to it, on account of its being mixed with 
common pitch. Agricola^f, however, denies this, and contends, 
that it derives this name from the circumstance of its odour so 
much resembling pitch* 

Mineral Caoutchouc, or Elastic Bitumen, appears to dif- 
fer from mineral pitchy merely in the degree of elasticity which it 
possesses ; which seems to be the consequence of the confinement 
of air, or of some other elastic fluid, in its interstitial cavities. 

Having thus furnished you with the most obvious characters of 
bitumen in its simpler states, I shall proceed to shew you, that at 
very remote periods, and in various parts of the world, the peculiar 
appearance and properties of bitumen procured it a considerable 
degree of attention. 

You will not only find, that it furnished the early writers in na- 
tural history with an interesting subject of inquiry, but that it was 
known to mankind, as a substance capable of being applied to va- 
rious economical uses, in the earliest ages of which we possess any 
authentic record. 

Noah, we are told, coated over the ark, within and without, 
with pitch:}:. The builders of the tower of Babel employed some 
bituminous matter as a cement ; " they had brick for stmie^ and slime 
had they for mortar^/' The vessel of bull-rushes, in which Moses 

* Lib. xxiv. cap. 1. f De Natura Fossil, lib. iv. p. 595. 

t Genesis, cap. vi. yer. 14. § Genesis, cap. xi. ver. 3. 
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in^as exposed on the banks of the Nile; " she took for him an ark of 
fmU'rushes^ and daubed it with slime and pitch*. '^ 

We have, perhaps, not sufficient a/uthority,. either from the words 
which the English translators of the Bible have here employed, or 
from the words adopted in the Hebrew, to rest on more than proba* 
bility, that it was bitumen that was used in coating over the ark 
of Noah; or in covering the vessel of bull-rushes, in which Moses 
was exposed on the banks, of the Nile. Little doubt,, however, can 
exist, that it was the substance which the builders of the tower of 
Babel employed, instead of mortar. In proof of this, we learn, 
from some modern travellers, that the remains of buildings have 
Jbeen discovered,, in which bitumen had been thus employed, iur- 
atead of mortar; said that there existed every reason to believe, that 
this was on the very spot on which Babylon i^tood.. 

That this was really the site of the ancient city of Babel, appears to 
be very evident^ from the information obtained by the learned re*- 
searches of Major BennelL Abulfeda, he says, an oriental geogra- 
pher, states that the ancient city of Babel, has now nothing more 
than a village on its site; and that this village, Hellah, stands on the 
land of Babel. This account is very much corroborated by the 
Turkis^h geographer, Ibrahim Effendi,. who says, that Babel is close 
to Hellah; and modern travellers agree,^ that the Arabs, and the in^- 
habitants on the spot, give the name of Babel to the district round 
«bout HUlah; and point out vast ruins, as the remains of the ancient 
city, spoken of by Abulfeda. 

The city of Babylon,, in the opinion of Major Rennell, formed 
from a careful examination and comparison of the several accounts 
given by different authors^ must have been at or near the present 
city of Hillah^ or Hellah^ which, is known to have been, built of the 
bricks of the ancient city; and, is even said to stand on a part of its 

* Exodus cap. iu ver. 3. 
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rery site. Herodotus adds, that the fountains of bitumen at Is, froiA 
whence the bitumen used in the construction of Babylon wa» 
brought, were situated at eight days joumey above that city : and 
as, according to M. Niebuhr, there are copious fountains of bitii^ 
men near Hit, a town of the Euphrates, one hundred and twenty*- 
eight German miles above Hillah, reckoning the distance along tl» 
bank of the Euphrates, the learned illustrator of Herodotus thinks 
there can be no doubt, therefore, that Hit is the place intended by 
Is, which should have been written It. 

Mr. Beauchamp, whose account is translated in the European 
Magazine for 1792, says — " The quantity of bitumen that must 
have been employed in building Babylon, is scarcely credible. 
Most probably,'' he says, " it was procured froA Hit, on the Eu- 
phrates, where we still find it. The master mason told me, that he 
found some in a spot which he was digging, about twenty years 
ago, which is by no means strange, as it is common enough on Uie 
banks of the Euphrates. I have, myself, seen ft on the road from 
Bagdad to Juba, an Arabian village, seated on that river/' 

Major Bennell*^ remarks, in corroboration of this statement, that 
Diodonis saysf, that great quantities of bitumen flow out of the 
ground at Babylon ; that these springs supplied it for the building 
of the city; and that it was even used for fuel. Major Rennell is 
of opinion, that, perhaps, only such of the public buildings werece^ 
mented with bitumen, which were exposed to the weather, or to in*- 
undations. This agrees with a modem custom in these parts; for, 
on occasion of an inundation, about the year 1733, the walls, in 
Bagdad, were covered Avith a composition, of which bitumen made 
a part|;. The cement in the remarkable fortress of Alkadder, in the 
Chaldean desert, according to Mr. Carmichaers description of it| 

* P. 369. t Lib. ii. cap. 1. J Ives's Travels, p. 281 . 
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fippears to be bitumen. The wall of Media, which shuts up the 
isthmus between the Euphrates and Tigris, above Babylon, was 
built of burnt bricks, laid in bitumen*; and the walls of Perisabour, 
in Babylonia, taken by Julian, were of the same materials -f. So 
that in those days bitumen was much in use as a cement ; but it 
appears to have been disused in succeeding times. 

According to Herodotus, a composition of heated bitumen was 
used in building, as a cement, in the place of mortar; being mixed 
with the tops of reeds, and placed between every thirtieth course of 
bricks :[;. This account of Herodotus is confirmed by the reports of 
modem travellers; except that some have found the bitumen thus 
disposed, at every j|fventh or eighth course : and M. Beauchamp 
found it at every course, in some of the remaining buildings of 
Babylon. 

From the accounts of various travellers, two different sorts of 
bricks appear to have been employed in the supposed buildings of 
the ancient city of Babel: the one kind seeming to have been 
baked, by fire, and the others, by the heat only of the sun. Some 
of these appear to have been deposited in lime and sand, or only in 
clay 9 and others in bitumen: osiers or reeds having been also used, 
perhaps, as hair is employed in the mortar of the present day, to 
augment the adhesiveness of the cementing matten 

Havitag been favoiured with some fragments of the bricks, taken 
|rom some ruins near Hillah, accompanied by some of the bitumen, 
I was astonished to find that the bitumen, which, from its external 
appearance, might have been suspected of having lost all its com- 
bustibility, still inflamed, on being brought into contact with the 
flame of a candle, and yielded a very strong bitmninoua smeU. 
Some of these bricks had, on one side, an unknown inscription; 

* Xenophon. An. lib. ii. f Amm. Marc. lib. 94. | I. O&o. e. ITS, & leq. 
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and bn the other, the bitumen adhered; and, on those parts which 
were not covered by bitumen, on the other side, the marks of mat^ 
ting appeared, on which it was supposed they had been placed to 
dry. 

From every concurrent testimony, we have, therefore, reason t6 
conclude, that bitumen was the tenacious substance which the sa- 
cred hij^torian meant to describe, at the substitute for mortar, em- 
ployed by the builders of the town of Babel. Nor can it be ob- 
served, without considerable pleasure, that these discoveries serve 
strongly to evince the high degree of fidelity which pervades the 
Mosaic history. 

Strabo, who also speaks of the ruins of So4|ppi, which, he says, 
were sixty furlongs in compass, and were then to be seen on the 
shores of the Dead Sea*, relates, that the waters of the lake Sirbon 
are so heavy in their nature,- that those who attempt to dive in 
them, are raised up as soon as they sink as low as the navel. It is 
full of bitumen, which rises from the bottom in bubbles, like those of 
boiling water, giving to the waved surface of the lake an ap- 
pearance as if little hills were arising from it. * The bitumen, he 
supposes to have been liquefied by heat, and then diffused and con- 
densed in the water, on which it floats from the peculiar nature of 
the water: and is afterwards obtained by the neighbouring inhabi- 
tants, who for this purpose were rowed to it on rafts f-. 

Causabon, Lancisius, in his Notes on Mercatus's Metallotheca, 
and others, are of opinion that Strabo has here, by some mistake, 
referred to lake Sirbon, that assemblage of curious circumstances 
which more properly belonged to the lake Asphaltin. Indeed his 
description, of which a sketch only is here given, corresponds very 
nearly, in every particular, with that given by Diodorus Siculus of 
the last mentioned lake. 

* Strabonis Geogr. lib. xv. f Ibid. lib. xvi. 
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Marcellinus Ammianus states, that the Persians were used to 
anoint their arrows with it; and, when thus lighted, to shoot them 
into the roofs of their enemies houses, to set them on fire. 

Josephus * describes the lake Asphaltitis, or lake of Sodom ; 
and particularly mentions no fish being able to live in it, the buoy- 
ancy of substances thrown on it, and of large lumps of bituminous 
matter floating on it, not unlike the bodies of bulls without heads. 
The length of this lake is five hundred and eighty furlongs, the 
breadth of it an hundred and fifty. It runs out from the river 
Jordan, as far as Zoar, in Africa, and borders upon the land of So- 
dom ; where, he says, are yet to be seen the remains of five abomi* 
nable cities, that perished in the conflagration produced by a judg- 
ment of fire from'heaven. 

In Samosata, a town of Syria, Pliny relates, there was a pool 
which yielded an inflammable substance, called maltha-f. Of the 
same nature, he obsen'^es, is naphtha^ which flows in the manner of a 
liquid bitumen, and is found in Austragena, in ParthiaJ. He also 
informs us, that the lake Asphaltitis produces nothing but bitumeti, 
whence its name. It will not receive into it the bodies of any ani- 
mal; oxen and camels therefore float on it: and hence the report 
that nothing sinks in it§. 

iElian, Dion Cassius, and other writers, have dwelt with admira- 
tion on the wonders of Nymphaeum, on the confines of Appollonia ; 
where, they say, there is a pit which is kept filled with bitumen, 
which rises from the earth in the same manner as a spring of water. 
Not far from thence is a place where continual flames are seen 
arising from the earth; notwithstanding which, the earth is not 
burnt, nor do the plants and trees, which grow there, wither from 
the effects of the fire; but flourish and grow to a considerable 
height. 

* Lestrange*8 Translation, Wars of the Jews, book v. cap. 5. 
t Lib. ii. cap. 104. % Lib. ii. cap. 105. § Lib. v. cap. 16.. 

T 
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' Bitumen, in this fluid state, has been called by some Latin 
writers, oleum vivum. Thus 

Vulcano condicta domus, quam subler eunti 
. Stagna sedeat venis oleoque madentia vivo. — Grat!Us. 

Hieronymus observes, that the Jake Asphaltitis is called the 
Dead Sea, because no animal can live in it: and if any fish, by 
chance, come into it, they soon die, and swim on the surface*. 

Diodorus^, who wrote about forty years before Christ, relates, 
that Demetrius, after his battle with Ptolomaeus, formed his camp 
on the Asphaltine lake, which, he observes is highly worthy of de- 
scription. He describes it as situated in the middle of the province 
of Idumaea, being five hundred stadia in length, and sixty in width. 
Its water was so bitter and fetid, that no fish, nor any other animal, 
could live in it: and, although many rivers of fresh water emptied 
themselves into it, its strong odour was still prevalent. On the mid- 
dle of this lake, a mass of solid bitumen arose every year; some- 
times more than three acres, and at other times rather less than one 
acre, in extent. The barbarous inhabitants of the borders of the lake, 
named the larger mass. The Bull, and the smaller. The Calf. As the 
bitumen swam upon the water, it appeared to those who viewed it 
from a distance, to resemble a kind of island. The rising of the 
bitumen, he says, is preceded for twenty days by certain peculiar 
signs. The smell of the bitumen, with an injurious vapour, is dif- 
fused to the distance of many stadia around the lake; and what- 
ever articles of gold, silver, or brass, are within its influence, lose 
their original colour; which they however regain when all the bitu- 
men has exhaled. A neighbouring spot, under which a subterra- 
neous fire exists, yields a vapour which smells much more strongly, 
and which renders the inhabitants unhealthy and short lived ; and 
to which, perhaps, this change of the surface of metals is more pro- 

* Hieronym. in Ezekiel, sec. xlvii. 

t Diodori Siculi Bibliothecae Historicae, interprete Laurentio Rhodomano. 
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perly attributable. In a valley near to this spot, he observes, the 
substance called balsam is found, which is productive of a consi- 
derable income ; since in no other part of the world, he remarks, is 
this substance to be found, the use of which, as a remedy, is so 
very considerable. 

Those who inhabit the borders of the lake, adopt a mode, he 
says, by which, without the aid of ships, they obtain, and carry 
home, the bitumen which floats on the lake. Having tied together 
bundles of large reeds, so as to form rafts, three persons, two with 
oars, and one armed with a bow and arrows, to repel the inhabi- 
tants of the opposite shore, proceed to the floating bitumen. 
Having reached the object of their voyage, they get on to the bitu- 
men, and load their rafb with pieces, resembling a soft stone, which 
they cut from it with hatchets, with which they are purposely pro- 
vided. If, whilst thus employed, any one happens to fall into the 
lake, our author informs us, that, although not a proficient at swim* 
ming, he will not sink, as would be the case in other waters, but 
floats as well as the most expert swimmer. The bitumen being 
brought ashore, is afterwards carried to Egypt, and sold for the 
purpose of embalming the dead : for with this substance, mixed with 
various aromatics, they are able to preserve the bodies of the dead 
for a considerable time. 

We learn, from Agricola*, that bitumen was collected, in various 
parts, in different degrees of thickness, and by different means, 
adapted to its consistence and quantity. Tliat it is exceedingly in- 
flammable, so that any body being anointed with it, and particularly 
with that species of it called naphtha, and having fire applied to it, 
would be thereby burnt ; water not extinguishing it, unless applied in 
great quantity, the flame being best smothered by clay, earth, dust, or 
any such dry substances. From its so readily taking fire, it was used, 
in many places, instead of oil, for the supply of lamps. Thus it 

* De Natura Fossiliiun, p. 324. edit. Basileae, 1559. 
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was employed in Sicily, being found in the plain of Agrigentum, 
whence it was called Sicilian oil. It was also found, he says, neak* 
Soli, in Cilicia; near Babylon; at Ecbatania, in Ethiopia; and in 
various parts of India. The common people of Saxony employed it, 
Agricola also tells us, not only in their lamps ; but made with it nup- 
tial torches, by dipping into it the dried stalks of torch-weed, or 
mullein. They also employed it to grease their carriage wheels; to 
defend different articles of iron and copper, from rust ; and to pro- 
tect wooden posts^ from the injuries of the weather: and, for the 
same purpose statues were sometimes covered with it. 

Alexander, it is said, for the sake of experiment, set fire to the 
naphtha, with which he had ordered the body of a boy to be co- 
vered, by which the youth was extremely bjirnt ; so that he must 
have perished, if the attendants had not, by pouring over him large 
quantities of water, overpowered the flame, and thereby saved 
him. 

We are informed by Valerius Cordus*, that in the plains of 
Brunswick, bitumen is dug in a moderately hard state; and that 
there also bitumen, fluid as oil, runs into pits hollowed out for the 
purpose. The country people adopting it for the uses already men- 
tioned. Bitumen, he observes, is also found in the Alps of Swit- 
zerland. 

He also relates, that a hard black bitumen is found, most co- 
piously, in a certain hiJl, in the way from Falkenburg to the vil- 
lage of Sattela. The best, however, is found about Sattela, and in 
the village itself. 

Youi-s, &c. 

* Valerii Cordi Observutiones quaedam Rerum naturalium variarum, &c. mdlxi. 
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LETTER XIV. 

ACCOUNT OP BITUMENS CONTINUED, FROM MORE MODERN AU- 
THORS.... RAY, DOLOMIEU, &C....TAR LAKE IN THE ISLAND OF 
TRINIDAD. ...PETROLEUM WELLS IN THE BURMHA DOMINIONS 
....RUSSIA, &C. 

In my last I shewed you the notice which these substances have 
t)btained from Avriters of the highest antiquity: in this, I purpose 
to place before you such remarks of more modem writers, as ap- 
pear to be most deserving of your attention. 

According to the relation of Hasselquist, asphaltum is gathered 
by the Arabs, in considerable quantities, every autumn, on the 
shore of the Dead Sea. It is carried by them to Damietta, and 
there sold ; being employed, he says, in dying wool *. 

In the Island of Zante, in the Venetian dominions, there is a 
spot, which, on being trod upon, shakes under the feet like a quag- 
mire; in the neighbourhood of this part are springs, which yield a 
considerable quantity of bitumen, and particularly, it has been re- 
marked, to be affected during the time of earthquakes. It is much 
employed, instead of pitch, in paying the bottoms of ships : upwards 
of a hundred barrels in a year being used for this purpose. 

At Gabian, about a day's journey from Montpellier, in the way 
to Beniers, is a fountain of petroleum. It burns like oil, is of a 
strong pungent scent, and a blackish colour. It distils out of se- 

* Hasselquist's Voyages and Travels in the Levant, p. 284. 
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vcral places of the rock all the year long; but most in summer-time. 
They gather it \ip with ladles, and put it into a barrel, set on one 
end, which hath a spiggot just at the bottom : when they have put 
in a good quantity they open the spiggot, to let out the water ; and 
when the oil begins to come, presently stop it. They pay for the 
farm of this fountain, about fifty crowns per annum *. 

Th6 lake Palius, or Paliorum Lacus, in the valley of Noto, in SJ8^ 
cily, according to the account of M. Dolomieu, has sometimes pe- 
troleum on the surface of the water: and the mud at the bottom, 
and on the bank, which has a black colour, is tenacious, and smells 
like pitch. The whole soil of the small plain around it consists of 
black, tough^ resinous, inflammable earth A few years ago, some 
straw huts in this neighbourhood having been set on fire, the fire 
was communicated to the ground, which burnt with a whitish dull 
flame, like that of the inflammable springs in Dauphiny, during 
several months, and was extinguished with the greatest difficulty ; 
as the fire, when extinguished in one place, broke out in another f. 

Olearius mentions its being found in Persia :f . It is also found 
in Norway, in Scotland, in Aquitania, and in Alsace. 

The Mumiahi, or Mumia native Persiaiw, as described by Kemp- 
fer, in his Amcenitates Persia proceeds from a rock. The native 
place of the best mummy is far from the access of men, from ha- 
bitations, and from springs of water, in the province of Daraab. It 
is found in |a narrow cave, not above two fathoms deep, cut like a 
well, out of the mass, and at the foot of the rugged mountain Cau- 
casus. 

On the south side of a mountain, the northern declivity of which 
terminates in the valley of Travers, between Travers and Couvet, 
near to Neuenberg, there are two large pits, containing asphaltum; 

* Ray's Travels, p. 256. f Magazin sur das neueste aus der Physik, vol. iii. 

X Olear. Itin. Pers. lib. vi. c, 9. 
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ivhich, in the year 1758, had been worked upwards of forty years; 
their produce being sent to different parts of the continent. On 
digging at the same height, on the other side of the hill, the same 
substance was found *. 

Mr. Anderson describes, in the Philosophical Transactions, a re- 
markable lake, or rather plain, of bitumen, in the island of Trini- 
dad, known by the name of the Tar Lak e ; and by the French called 
La Bray^ from its resemblance to pitch, and its answering the in- 
tention of ship-pitching. It lies on the leeward side of the island, 
about half way from the Bocas, to the south end, where the man^ 
grove swamps are interrupted by the sand banks and hills ; on a 
point of land which extends into the sea about two miles, exactly 
opposite to the high mountains of Paria. 

This cape, or headland, is about fifty feet above the middle of 
the sea, and has the greatest elevation of land on that side of the 
island. From the Sea, it appears a mass of black vitrified rocks ; 
but, on a close examination, it is found to be a composition of bitu- 
minous scoriae, vitrified sand, and earth, cemented together. In 
some parts, beds of cinders only are found. In approaching this 
cape there is a strong sulphureous smell ; which is prevalent in 
many parts of the ground, to the distance of eight or ten miles 
from it. 

This point of land is about two miles broad ; and, on the east 
and west sides, for the distance of about half a mile from the sea, 
falls with a gentle declivity to it; and is joined to the main land, 
on the south, by the continuation of the mangrove swamps ; so 
that the bituminous plain is on the highest part of it, and only se- 
parated from the sea, by a margin of wood which surrounds it, and 
which prevents a distinct prospect of it. Its situation is similar to 
a savannah, and, in like manner, is not seen until treading on its 

* C. Ludov. TAgascherie du Bl^, Dissertatio Medica sistens Examen Bituminis 
Neucomensis, p. 11. 1753. 
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verge. Its colour, and even the surface, presents, at first, the 
aspect of a lake of water. But Mr. Anderson imagines it obtained 
the appellation of lake, when seen in the hot and dry weather : 
at which time its surface, to the depth of an inch, is liquid ; and 
then, from its cohesive quality, it cannot be walked on. 

It is of a circular form, and above three miles in circumference, 
appearing at first a plain as smooth as glass ; excepting some small 
clumps of shrubs and dwarf trees, that have taken possession of 
some spots of it : but, on a nearer view, it is discovered to be di- 
vided into areolce of different sizes and shapes ; the chasms or divi- 
sions anastamosing, through every part of it. The surfaces of the 
areolce are perfectly horizontal and smooth ; the margins are undu- 
lated, and each undulation is enlarged to the bottom, till it joins 
the opposite. On the surface, the margin, or first undulation, is 
distinct firom the opposite, from four to six feet; and the same 
depth before they coalesce : but where the angles of the areola op- 
pose, the cliasms or ramifications are wider and deeper. When Mr. 
Anderson was there, these chasms were full of water: the whole 
forming one true horizontal plain, which rendered his investigation 
of it diflficult and tedious; being necessitated to plunge into the 
water a great depth, in passing from one areola to another. The 
truest idea that can be formed of its surface, would be from the 
areolce^ and their ramifications, on the back of a turtle. Its more 
commcm consistence and appearance, is that of pit-coal ; but its co- 
lour is rather greyer. It breaks into small fragments, of a similar 
appearance, and glossy; with a number of minute and shining par- 
ticles interspersed through its substance. It is very friable; and 
when liquid, is of a jet black : some parts of the surface are covered 
with a thin brittle scorioe, a little elevated. As to its depth, he 
could form no idea of it, for in no part could he find a substratum 
of any other substance. Its smell resembled that of pitch, and it 
was so hard, that no impression could be made on its surface, with- 
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out an axe. At the depth of a foot it was found a liltle softer, 
with an oily appearance, in small cells. A little of it held to a 
burning candle made a hissing or crackling noise like nitre, emit- 
ting small sparks, with a vivid flame, which extinguished the mo- 
ment the candle was removed. A piece, put into the fire, boiled up 
a long time, without suffering much diminution. After a considera- 
ble exposure to severe heat, the surface burned, and formed a thin 
scoria, under which the rest remained liquid. A gentle heat renders 
it ductile; hence when mixed with a little grease, or common pitchy 
it is much used fot the bottom of ships; for which intention it is 
collected by many. 

Besides this place, where it is found in this solid state, it is found 
liquid, in many parts of the woods ; and at the distance of about 
twenty miles from this, it is found about two inches thick, in round 
holes of three or four inches diameter, and often at cracks or rents. 
This is constantly liquid, and smells stronger than when indurated ; 
and adheres strongly to any thing it touches : grease being the only 
thing that will divest the hands of it. The soil, in general, for some 
distance round La Bray, is cinders and burnt earth, and where not 
so, is a strong argillaceous soil ; the whole being exceedingly fertile. 
For thirty miles round, there is the appearance of the convulsions of 
nature, from subterraneous fires; and, in several paftsof the woods, 
hot springs are discovered. 

The Abb6 Fortis, in his Travels in Dalmatia, describes what he 
terms a mine of pissasphaltum, which he saw in the Isle of Bua. 
By this mine he means marble strata, more than twenty-five feet per- 
pendicular, which sustain the irregular masses that surround the 
top of the mountain. From some of these strata tears of pissas- 
phaltum ooze out most abundantly, when the sun falls on the mar- 
ble rock in the heat of the day. This pissasphaltum he describes 
as of the most perfect quality ; black and shining, like the bitumen 
judaicum; very pure, odorous, and cohesive. It conies out almost 

u 
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liquid, bttt^iardens in large drops when the sun sets. On breaking 
many of these drops on the spot, almost every one of them was 
found to have an inner cavity full of very clear water. Who cap tell, 
the Abb6 exclaims, whence it came there, or what very remote com* 
bustion of woods, or what volcano produced it* ? In the valley of 
Coccorich, in the PrimorSe^ in Dalmatia, is also a mine of pissas* 
phaltum, resembling, in most respects, that of the Isle of Bua f. 

From the very interesting account of the petroleum wells in the 
Burmha dominions, related by Captain Hiram Cox, in the Asiatic 
Researches, it appears that the strata of the place in which they are 
found, are first a light sandy loam intermixed with fragments of 
quartz, flint, &a — 2dly, A friable sand-stone, easily wrought, with 
thin horizontal strata of a concrete of martial ore, talc, and indu- 
rated clay. — 3dly, At seventy cubits, more and less, from the sur- 
face and immediately below the free stone, a pale blue argillaceous 
earth (schistus) impregnated with the petroleum, and smelling 
-strongly of it. This is very difficult to work, and grows harder as 
they get deeper, ending in schist or slate, such as is found covering 
veins of coal in Europe, &c. Below this schist, at the depth of 
about an hundred and thirty cubits, is coal. Captain Cox pro- 
cured some, intermixed with sulphur and pyrites, which had been 
taken from a well, deepened a few days before, but deemed 
amongst them a rarity, the oil in general flowing at a smaller 
depth. They were piercing a new well when the Captain was there, 
and had got to the depth of eighty cubits, and expected oil at ten 
or twenty cubits more^ When a well grows dry they deepen it. 
They say none are abandoned for barrenness. 

The ' il is drawn pure from the wells, in the liquid state, as 
used, without variation; but, in the cold season, it congeals in the 
open air; and always loses something of its fluidity: the tempe- 

♦ Travels in DaUnatia, by Abb^ Alberto Fortis, p. 176. f P. 304. 
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rature of the wells preserving it in a liquid state fit to be drawn* 
The oil is of a dingey green, and odorous ; it is used for lamps, and 
boiled with a little dammer (a resin of th« country) ; it is employed 
for paying the timbers of houses, the bottoms of boats, &c. which it 
preserves from decay and vermin. It is said, that no water ever 
percolates through the earth into the weUs, that which penetrates into 
the earth is effectually prevented fit>m descending to any great 
depth by the oleaginous clay and schist: this will be readily ad* 
mitted, when it is known that the coal mines at Whitby are worked 
below the harbour, the roof of the galleries being not more than 
fifty feet from the bed of the sea. 

From a careful enquiry, the Captain makes the average produce 
of each well, per annum, to be seven hundred and ninety-three 
hogsheads, of sixty-three gallons each ; and, as there are five him- 
dred and twenty wells registered by government, the gross amount 
of the produce of the whole, per annum, is 92,781 tons l,560lbs« or 
412,3ft) hogsheads. 

Captain Cox observes, this oil is a genuine petroleum, possessing 
all the properties of coal tar; being, he thinks, the self same thing; 
the only difference is, that nature elaborates in the bowels of the 
earth that for the Burmhas, for which European nations atfe obliged 
to the ingenuity of Lord Dundonald*. 

From the observations of Professor Pallas, as well as from the ac* 
counts of Mr. Tooke, it appears that fluid bitumen is found in various 
parts of the Russian empire.. Naphtha sources are discovered on 
the stream Igar, fifteen versts from Sergiefsk, on the Samara, and 
others forty versts from it. They yield considerable quantities of 
naphtha. On the Terek, in the mountains about the warm springs 
at Baragun, near Deulet, Gueray, &c. naphtha and petroleum are 
often found ; and the sources of Ischelschengisk, are particularly pro- 

* Asiatic Researches,, vol. vi. 
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BFoncisci Ariostide Oleo Mantis Zibiniif seu Peiroko Agri Mutinensis. 
These springs have also been noticed by Frassoni, in I66O, in a 
pamphlet intitled ThemM Montis Gibii; by Ramazzini^ in I698; and 
by Vallisneri, in 17II. 

Bituminous substances in various degrees of solidity and purity 
are found in several parts of England; as is indeed the case in most 
parts in the neighbourhood of which coals are found to exist. 

Dr. Plot, in a discourse concerning perpetual sepulchral lamps, 
read before the Dublin Society, 1684*, mentidns that at Pitchford, 
in Shropshire, there is a naphtha or liquid bitumen, that constantly 
issues forth with a spring there, and floats upon the water. This, 
the Doctor thinks, might be separated,' before it joins the water, into 
a channel of its own; and so conveyed to a place thought most con- 
venient for such a lamp, into which it should perpetually distil, as 
it does now into the fountain. For^ the Doctor observes, a brush 
or wick of asbestos, pr of gold wire, might be employed, and if the 
oil be properly disposed, then, says the Doctor, we have an oil as 
everlasting as our wick : nor need we fear any extinction, if in- 
closed in a tomb or vault under ground, in never so damp and 
moist a place ; it being, he adds, the characteristic of bitumen, to 
bum best where there is moisture, as is evident upon affusion of 
water upon sea coal. *• 

Among^ the inflammable minerals of Derbyshire, Mr. Mawe|^ 
whose opportunities of observation are as great, as his collection is 
interestiiiig, observes "f, the most remarkable is the elastic bitumen, 
in its various states* It is generally, he says, found between 
the stratum of schistus and lime-stone; rarely in small cavities, 
adhering to the gangartj and sometimes containing lead ore, fluor, 
&c. When first detached, its taSte is very styptic, as if blended 
with decomposed pyrites. It viaries in colour, from the blackish 

* Mr. Ayscough's Catal. 4311. Plut. vi. E. vol. i. 34, 1684. 
t The Mineralogy of Derbysbiie, by John Mawe, p. 92. 
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or greenish brown to the light red brown^ and is easily compressed; 
but sometimes the same piece is less elastic in one part than an- 
other. On burning it, the smell is rather pleasant. 

The varieties of this fossil, described by Mr. Mawei, are — 1. 
Elastic bitumen, of a reddish brown colour, containing nodules of 
indurated shining black bitumen, resembling jet. — 2. A piece in a 
marine shelJ, in lime-stone. — ^3. Dull, red and transparent, in cry- 
stallLeed fluor, — 4. Composed of filaments, like soft cawk, and of a 
singular acid taste. — 5. Indurated amorphous masses and globules 
of a shining black, like jet ; sometimes liver-coloured ; electric, 
when rubbed. — 6. With asphaltum, and containing lead ore; and 
the same in long filaments, almost as fine as wire. 

A considerable spring of petroleum exists at Colebrook Dale* 
This spring was discovered at about thirty yards in depth, whilst 
digging to form an arch-way to convey the coals from a very deep 
pit. It was at first found to ooze from between the crannies of the 
rock, but soon began to pour out in a considerable stream, run- 
ning even into the Severn. Large iron pipes are employed for the 
conveyance of the fluid into proportionably sized pits, which have 
been sunk for its reception. Hence it is conveyed into immense 
caldrons, in which it is inspissated, by boiling, to the consistence of 
pitch. Whilst fluid, the tar, which appears to be remarkably free 
from impurity, has rather an agreeable odour; and when inspissated, 
it exactly resembles the asphaltum of the Dead Sea. Since its first 
discovery, three different springs of it have broken out, one of 
which pours out a considerable quantity. Near to the celebrated 
iron bridge, this bituminous fluid is emitted pretty copiously, being 
almost pellucid, but thicker than treacle. A similar rock with that 
from which the petroleum flows may be traced upwards of seven 
miles : the coals, which are found at some depth beneath the petro- 
leum, are of an exceeding good quality. 

From the experiments of Mons. Boulduc*, made on naphtha, 

* Histoire T Academ. Royale des Sciences, 17 1 5, p. 15, 
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we learn, tliat it is so inflammable, that it takes flame before die 
flame which is brought towards it is really in contact with it ; that, 
when heated in a vessel, it inflames by the flame of a candle held at 
a considerable distance above it, a subtile vapour extending some 
feet above the fluid ; and that it will bum freely on the surface of 
water. He also states, that it is so light as to swim on the surface 
of all fluids, even on that of rectified spirits of wine, which is 
heavier than it by one^seventh, and does not manifest any action on 
it. One drop diffused it^lf over water to more than the space of 
a toise, the water yielding prismatic colours. It mixed perfectly 
with the essential oils, particularly with the oils of turpentine, of 
thyme, and of lavender. He observed also, that it did not inflanie 
on the addition of the concentrated acids, but became thickened 
on their union with them. A piece of paper soaked with it, soon 
became dry, and then, as is the case when spirit of turpentine is 
used, ceased to be transparent. 

By distillation with a gentle heat, du B16*, obtained from the as- 
phaltum of Neuenberg, a light and limpid oil, which, like naph- 
tha, was so subtile, as to evaporate very rapidly, in the open air; 
spreading very freely on the surface of water, and taking flame 
very readily. But unlike naphtha, which, according to Boulduc, 
will not unite with alcohol, this essential oil entered into union 
with alcohol with tl^ same facility as oils of lavender and tur- 
pentine. 

By properly adapted experiments, he also ascertained, that in 
the asphaltum of Neuenberg, both the sulphuric and muriatic acids 
existed, in union with calcareous earth. 

Fourcroy states^ that there is obtained, from brown petroleum, 
by distillation, an acid phlegm ; and an oil which at first resembles 
naphtha, but which becomes coloured as the distillation proceeds. 

* C Ludpv. r Agascberie du Bl^, ExMimen BUumims Neocamends^ 1758. 
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V 

There remains in the retort, a thick matter like maltha, and which 
may, hj farther exsiccation, be rendered dry and brittle, like as- 
phaltum; and by a greater or longer continued heat, may be re- 
duced to a charcoaL «i 

The alkalies have but little action on petroleum. The sul^mic 
acid darkens, thickens, and inflames it; the same as it does the vo- 
latile oils* Petroleum readily dissolves sulphur: it becomes coloured 
by the metallic oxides, and unites with amber, which it softens, 
and, in part, dissolves, by the aid of heat. 

Fourcroy obtained from asphaltum, by distillation, an acid phl^m 
and a coloured oil, like petroleum- By fusion, he found asphaltmn 
united intimately with sulphur, phosphorus, the fixed and volatile 
oils, resins, gum-resins, and many of the metallic oxides« Alcohol 
appeared not to touch it all; ether had an evident, but a feeble ac* 
tion upon it. * 41 

Yours, &c. 



* Systeme des Connoissances Chymiques, ton|« viii. p. 238« 
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who frequently mentions it, relates, that the lake Cephisis, near to 
the Atlantic sea, and which the Moors call Electrum, yielded, when 
heated by the sun, amber, which flowed from its mud. 

It is generally found either within the earth, floating on the 
waters, or on the sea shores. In Poland, Prussia, Silesia, Pomerania, 
Bohemia, and many other places in that tract of Europe, it is fre- 
quently founds when digging to the depth of a few yards. Hermann 
relates, that he found amber in an island near the Cape of Good 
Hope. It is also found in various parts of Germany, both undej- 
ground and on the shores, where it has been thrown by the waves 
'of the sea : but it is found in the greatest plenty on those shores 
which are washed by the waves of the Baltic. It is frequently 
found on the sea shores of several parts of England, most pro- 
bably brought by the waves, which have already washed the shores 
of those countries, in which this substance so plentifully abounds^ 
It Tias also been dug up in detached pieces in several parts of 
England. The pits dug for tile-clay, between Tyburn and Ken* 
sington, and that pit which was opened behind St. George's hospital, 
at Hyde Park Comer, have been said, by Sir John Hill, to have 
furnished some very fine specimens. 

In the cabinet of the Grand Duke of Tuscany, it is said, there is 
a column of amber of a beautiful colour and brilliant lustre, ten 
feet in height. This, however, is strongly suspected to be only an 
artificial imitation of this substance. In the museum of his Ma- 
jesty the King of Prussia, is a burning lens made of clear amber, 
a foot in diameter. From its yielding to the tools of the artist, 
amber is often formed into trinkets of a very pleasing appearance. 

The extraneous or adventitious bodies, which are sometimes found 
in amber, considerably enhance, by their curiosity, the value of the 
specimens in which they are found. In some specimens drops of 
water, and in others fragments of gold and silver, have been said to 
have been inclosed ; but examination will generally demonstrate, that 
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what has been so supposed are pieces of splendid pyrites. JPlies, 
small phalaena, and ants^ or parts of these insects, are the foreign 
matters which are most commonly thus entombed. From the perfect 
state of preservation in which these are found, displaying the sound 
appearance and fresh colouring of life, these specimens excite the 
highest degree ot interest. The position in which these insects are 
found, frequently with their limbs separated, as though by 
struggling to obtain their release, proves that they have been thus 
engaged and inviscated, by alighting on this substance whilst it was 
in a soft state. In the Metallotheca Vaticanae of Mercatus, edited 
and brought into public notice by the splendid illustrations of 
Lancisius, are excellent representations of various insects thus pre- 
served, as well as of some other animals, such as small fishes, 
lizards, and frogs, in a similar state of preservation. These latter 
have, however^ been suspected of being thus involved by some arti- 
ficial process, especially as the high price which such rare specimens 
would obtain would be a sufficient inducement to such ingenious 
exertions. In the splendid and elegant work of Sendelius* are 
displayed a prodigious number of figures of specimens of amber, 
containing animalculae, insects, &c. 

Animals thus naturally embalmed have furnished the poet, as 
might be expected, with an interesting topic. Martial thus ele* 
gantly speaks of a viper inclosed in amber : 

ElentibiiB HeBadum ramis dum vipeha serpit, 

Eluxit in obstantem succina gumma feram ; 
Qase, diim miratur, pingui se rore teneri, 
n Concreto rigiiit vmeta repente gelu. 

Ne tibi regali placeas, Cleopatra, sepulcro, 

Yipera A tumulo nobiliore jacet. lab. IV. Epigr, 59. 

* Hifitoria Sucoinorum, Corpora, aliena in volventium ex regiis Augustorum Cimelik 
DresdsD conditis. Lips. i742. 
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With equal elegance he notices the ant and the bee, entombed 
with similar splendor : 

Dum Pheathontea formica vagatur iu umbra^ 
Implicuit tenuem succina gutta feram. 
. Sic, modo quse fuerat vita contempta manente, 

Faneribus fixta est nunc pretiosa suis. LibtmHf Epigr. 15. 

Et latet, et lucet Pheathontide condita gutta 

Ut videatur apis nectare clausa suo. 
Dignum tantorum pretium tulit ilia labonim : 

Credibile est ipsam sic voluisse rnori. Lib. IV. Epigr, 32. 

The celebrated Breynius transmitted, about the year 1665, to the 
Royal Society of London, an account of a curious piece of amber 
which had fallen under his observation*. Tliis specimen was shewn 
to him by an Englishman, a Dantzic inerchant, of the name of 
Bcnlows, who valued it at thirty guineas. It was of an oval com«» 
pressed figure, about two inches and a quarter long, about half that 
measure in width, and a quarter of an inch in thickness ; of that 
colour, described by Pliny, resembling Falemian wine; and ex- 
ceedingly fair and clear, not having the least mark from which any 
suspicion of fraud could arise. It contained through its whole 
length an extended leaf of the pinnated kind, yielding a beautiful 
object, shining with a golden splendour, from the various refrac- 
tions and reflections which the rays of light suffered from the sur- 
rounding medium. The leaf was not perfect, but mutilated at each 
extremity, and was formed by five pair of oblong and somewhat 
sharp-pointed pinnae, placed at nearly equal distances, and being 
in some places evidently eaten. What plant it belonged to he was 

* Observatio de Succinea Gleba, Plants cujusdam Folio imprsegnata rarissima. Auc« 
tore D~ Johanne Philippe Breynio, M.D. F.R.S. 



however unable to deterinine^ since many different species^of this 
family are clothed with leaves so nearly resembling each other, as 
not to allow the difference in a single frond to be discovered ; espe^ 
ciaUy when, as in this instance, the surrounding amber prevented 
fl perfect examination : so that, even with the aid of a magnifying 
glass, the veins of the leaf could not be seen. The plant, however, 
to which it appears to approach the nearest, is, he thinks, the 
securidaca secunda^ of Clusivsy or the caronilla herhacea^ of Toume^ 
fort, which is very common in the fields of Prussia. : On the one 
side of the frond was a small fly, and on the other a spider; bujt 
neither of them were perceptible without the help of ja glass. 

In the Metallotheca of Mercatus is! also the representation of 
what appears to be a small leaf of the caronilla herbaceoy Jlore varioj 
of Toumefort, or of the onobrychis secunda^ Cltmi, which is also 
very frequently found in the Prussian fields, 

Agricola had observed, two or three hundred, years ago^ that by 
the distillation of amber it was resolved partly into an oil, bearing 
a similar colour with amber, and partly into a dark bitumen, which^ 
he remarks, so much resembles the bitumen of Judaea, as difficultly 
to be distinguished from it. 

Mons. Bourdelin* relates some experiments which he made with 
this substance ; amongst which the most worthy of notice is, that 
from two pounds of amber he obtained only eighteen grains of 
earth. He discovered the presence of an acid,, which he imagined 
to be the muriatic. 

It is now known that amber yields by distillation first an insipid 
phlegm, then a weak acid, which in the opinion of Scheele is the 
acetous acid» after this a volatile salt arises, and attaches itself to 
the sides of the receiver and the neck of the retort. This salt was 
first discovered to be of an acid nature by the Hon. Mr. Boyle^ 
' * Mem. de TAcad. des Sciences, 1743. 
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and it has since been ascertained to be a peculiar acid, diflfering ia 
some of its chymical properties, and in its affinities, from other 
acids. If the distillation be continued, the fire being augmented 
after the succinic acid is come over, a thick brown oil, which yields 
an acid taste, will be then distilled. But if water be employed in 
the distillation, a clear light oil will come over, which darkens by 
keeping, first becoming of a yellow, and then, by degrees, even of 
a dark brown colour. 

Jet is a compact, opaque, and very black substance, of almost 
a stony hardness ; capable of receiving a high polish, and breaking 
with a conchoidal fracture, and a glassy lustre. Its specific gravity 
is 1.259* On being rubbed it manifests elecjtric attraction ; when 
heated it yidds an odour resembling that of asphaltum, but not so 
powerful; and when inflamed, by a strong heat, it bums away, 
leaving an earthy residuum. It yields by distillation a bituminous 
oil, and an acid, which seems to resemble that of ambec 

The term succinum nigrum^ or black amber, has been applied by 
several ancient writers to this substance ; and indeed with much 
propriety, it seeming to be the bituminous substance next in purity 
to amber, and approaching the nearest to it in its several pro^ 
perties. It may be considered as possessing the intermediate place 
between the purer bituminous matters and coals, it holding a suffi- 
cient quantity of charcoal to give it blackness ; but has not suffered 
that kind of change which serves to correct the disagreeable odour 
T^rhich the less altered bitumens yield on the application of heat. 

Although the surface of jet sometimes bears a striated and lig- 
neous appearance, its conchoidal fracture evinces that closeness of 
structure which does not determine its separation, in any one parti* 
cular direction more than another. Hence it is employed to form 
various trinkets, such as beads, buttons, &c. it yielding pretty rea- 
dily to a careful application of the instruments of the turner. 



- TOs substance is thus i^ken' of by Marbodeus* : 

Nascitur in Lycia lapis, et prope gemina gagates, 
Sed genus exiinium foecunda Britannia mittit. 
Lucidus et niger est, et levisomus idem, 
Vicinas paleas trahit attritu calebctus, 
Ardet aqua lotus, restinguitur unctus olivo. 

It is frequently found, as was knewn to Solinus, in various parts 
of this kingdom. It is very abundant in the neighbourhood of 
Liege, and particularly so in a celebrated mountain of coal, in 
MisenjEi, not far from the city of Zuicca. It is also found in various 
parts of Spain, France, and Germany, and indeed in almost every 
part of the known world. 

It is most frequently found in the neighbourhood of coal mines, 
on the sea shores, and in detached pieces in various subterranean 
situations ; frequently in strata which are evidently alluvial. I have 
found it in the blue tile clay, beneath the gravel, at the depth of 
twenty feet, in the gravel-pits neat Hackney; in pieces about one 
or two inches square, having pyrites adhering to them, and bearing 
on one side of them the striated structure of wood. 

Cannel coal seems to be the bituminous substance next in 
purity to jet. It is a black, opaque, compact, and brittle sub- 
stance : it breaks with a conchoidal fracture. Its specific gravity 
varies from 1.232 to 1.426. It does not soil the fingers. It kindles 
very easily, and bums with a bright white flame, like that of a 
candle, leaving an earthy residuum, and not caking into a cinder. 

By the analysis of Mr. Kirwan, its composition is 75.20 of char- 
coal, 21.68 of bitumen, and 3.10 of aluminous and siliceous earths. 

Like jet it possesses that compactness of structure which renders 
it susceptible of polish, and capable of being wrought into trinkets 
of various forms. The chief differences between jet and Cannel 

* Dactybtheca MarboddGalli: cum Seholiis Gcorgii Picioris. Basile®, 1531. 
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coal appear to be, that jet is found in detached masses, whi^t 
Cannel coal is deposited in strata ; and that jet, once set on fire,- 
continues to flame for a considerable time, a bituminous vapour 
being at the same time exhaled ; whilst Cannel coal requires to be 
so disposed, that its combustion may be aided by that of the sur- 
rounding fire, and by an increased rapidity of the accession of air. 
The difference of the chemical phenomena yielded by this sub- 
stance and by jet appears to depend chiefly on the greater quantity 
of earth which enters, as a constituent part, into the composition 
of Canael coal than into that of jet. The tora ampelHis of the 
ancients has been supposed by many to have been the substance 
we are here treating of; but the term seems, most generally, to have 
been applied to that species of loose bituminous earth which exists 
in those parts, in which fluid bitumens have prevailed. 

The coal possessing these properties, and which is obtained from 
Lancaaliire, is that to which the term Cannel coal is most com- 
monly applied; Cannel coal being the provincial expression for 
Candle coal; candle in the Lancashire dialect being pronounced 
cannel : the high degree of inflammability possessed by this sub- 
stance having obtained for it this distinction. The coal called 
Scotch coalj from its being obtained from Scotland, possesses similar 
properties. It is obtained in large solid compact masses, and con- 
tains nearly as large a proportion of bitumen ; it flames almost as 
freely as the former, and burns away to a white ash. 

The Cannel coal of Wigan in Lancashire, the most beautiful coal 
of this species^ i« found, according to Mr. Godefroy de Villetaneuse, 
at the depth of seventy-six yards from the surface of the rock; over 
which is a stratum of earth, from three to eight yards in thickness. 
The first stratum of the rock, he states, to be two feet in thickness; 
laying on a metallic stone of a deep blue colour, forty-six yards 
thick. Underneath this is a vein of common coal, five feet in thick- 
ness ; and thirty yards beneath this is found the Cannel coal, the 
thickness of which is one yard two inches. 

Y 
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Pits of similar coal have ateo been dug in Cheshire, and in some 
other parts of the kingdom. 

Dr. Plot relates*, that the Cannel coal from Wednesbury common 
pit is of so close a texture, that it will take a passable polish ; as 
may be seen in the choir of the cathedral church of Litchfield^ 
which in great part is paved in lozenges, black and white, as othpr 
churches with marble ; with Cannel coal for the black, and alabaster 
for the white. He also says, that at Beaudesart will work so very 
fine, that the king^s majesty's head is said to have been cut in it^ 
by a carver at Litchfield^ resembling him very well. 

Yours, &c. 



LETTER XVI. 

COAL DES'CRIBED.... DIFFERENT KINDS OF COAL.. ..DOUBTFUL IF 
KNOWN TO THE GREEKS, OR EARLY ROMANS.... BROUGHT INTO 
COMMON USB, IN THIS ISLAND, BUT IN MODERN TIMES.... 
FOUND IN VARIOUS FARTS OF THE WORLD. 

1 WAS much entertained by reading the account of your subterra- 
nean incursion ; and have frequently since smiled at the ludicrous 
appearance you, and our friend Wilton, must have made, dressed in 
a collier's garb, and descending, by a bucket, down the shaft of a 
coal pit. The astonishment with which you were stricken, on your 
entrance into the pit, is forcibly expressed, by your saying, that it 

* The Natural History of Staffordshire, by Dr. Plot, p. 125. 
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seemed as if you had discovered another world, just beneath the 
crust of that which you had lately quitted. There can undoubtedly 
be hardly any scene, which can be presented to the view, capable- 
of exciting more astonishment than the one you describe. 

Wonderfiil indeed must have been the scene, after a dark and 
dreary descent through sa many fathoms of dripping strata, which 
must have offered itself, when you made your entrance into a cavern 
from which the glimpse of day was excluded ; where the roof, the 
floor, and the walls, presented every where to the eye the saine 
jetty black ; except where the oozing drop, or the brilliant spar or 
marcasite, reflected the flames of the lamps; which, disposed in 
various parts, lighted the inhabitants of these seeming Vulcaniau 
regions to their labours. These, as you inform me, were separating, 
with their ponderous instruments, into fragments of a convenient 
size, parts of the immense mass of coal, which years and years of 
labour had seemed to have left inexhaustible. -Such an assemblage 
of striking and entirely novel appearances could not fail of exciting 
a train of thoughts widely different from any your mind had yet 
known, and must necessarily have rendered you anxious to gain 
some information as to the history of these regions. This part, as 
well as the rest, of my engagement, I shall perform with the utmost 
readiness, pleased with the idea that I may thus render your de- 
lightful tour more interesting and instructive. 

Common coal, that substance so eminent for its utility to man as 
an article of fuel, is the fossil which therefore shall next claim our 
attention. 

Coal is a black, solid, and compact substance, generally of la 
foliated or rather laminated structure, which necessarily directs itt 
fracture. Its specific gravity is 1.25 to 1.37. It possesses a tnode* 
rate degree of hardness, but is more brittle than Cannel coal; than 
which it also takes fire less readily, and is longer in consuming. It 
cakes into cinders more or less during its combustion, according ta 




164 

its degree of purity and the nature of the earths which enter into 
its composition. It has obtained various names, derived from cer- 
tain varieties of its appearance, nature, &c. Thus, from its pitch- 
like colour ajid fracture, it has been sometimes called pitch coali. 
from the great degree of hardness which it sometimes possesses^ 
$i(me coal; from its being obtained from a mine or pit, pit coal;, 
and in London, for no better reason than its having been brought 
hither by sea, sea coal. 

There are certain varieties of pit coal, which obtain their parti- 
cular denominations from their mode of burning, or &om theic 
most obvious and predominant combinations. Hence we have 
blind or deaf coal ; such is the Welsh and Kilkenny coal, kindling 
slowly and burning without flame or smoke to a stony flag* Open-- 
burning coal, which does not cake, but bums with much flame and 
smoke, and is soon reduced to ashes. Close-burning, coal, which 
kindles quickly, and melts and runs together like bitumen. Some 
coal is termed slaty coaly from its texture ; and when it also contains 
a larger proportion of bitumen it is called slaty Cannel coal. Culm is 
a coal in small rough fragments^ which does not melt or cake, but 
leaves behind it a slag of the same bulk with the coal employed, 
which yields a large portion of ashes, formed by argillaceous earth 
impregnated with iron. 

If the translation of Sir John Hill*- be admitted, and his argu- 
ments in support of it undoubtedly appear to be forcible, fossil 
coal was known in the time of Theophrastus. The passage is, 
" Those fossil substances that are called coals {ayG^xMg)^ and are 
broken for use, are earthy; they kindle, however, and bum like 
wood coals {avG^ayug). These are found in Liguria, where there is 
also amber, and in Elis, in the way to Olympias over the moun- 
tains. These are used by the smiths.^' 

* Tbeophrastus's Histoxy of Stones, translated by Sir John Hill, p. 6% 
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He contends, that the meaning of Theophrastus is evidently^ 
that they kindle and burn like wood coalsj or, as we call it, charcoal ; 
that being, he remarks, the genuine and determinate «ense of the 
word avQpoL^ in the other works of this author, in those of Pliny, 
and of all the other old naturalists. Even the more correct of the 
moderns, when they would express what we call pit coal, the sub- 
stance which he contends is here described by this author, never 
use the words avQpoc^ or carbo alone, but always carbo-fossilis, and 

Kt6ocy$pcc^. 

Another passage of the same author seems, also evidently to ap- 
ply to coals : he relates that some of the more brittle stones become 
as it were burning coals, when put into fire, and continue so a long 
time. Of this kind are those about Eena, a town inThracia; found 
in mines, and washed dawn by the torrents ; for they will take fire 
on throwing burning coals on them, and continue burning so long 
as any one blows on them; afterwards they will deaden,^ and may 
after that be made to bum again : they are therefore of long conti- 
nuance, but their smell is troublesome and disagreeable*^ 

Unless it be admitted that coals were known to Theophrastus^ 
according to the opinion of Sir John Hill, we may, I believe, 
assert, that we have no proof of their having, been known to' the 
Greeks, or to the early Romans. The Latin does not even possess^ 
a name for this substance. Nor indeed is it to be wondered at 
that they should be thus ignorant of it, if, as is observed by the 
learned writers of the Encyclopaedia Britannica, there are, in facti 
no beds of it in the compass of Italy : the great line of that fuel 
seeming to sweep away round the globe, from north-east to south- 
west ; not ranging at a distance even from the south-easterly parts 
of our island, as is generally imagined, but actually visiting Bra- 
bant and France, and yet avoiding Italy. It has been inferred 

^ Theophrastus on Stones^ p. 53. 
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from the circumstance of Csesar's not having spoken of this sub- 
stance, whilst describing this island and its productions, that coal 
had not then been discovered by the Britons. But, according to 
Whitaker, pieces of coal, with a quantity of slack, were dug up 
under the Roman way to Ribchester ; and the same writer observes, 
that in the west riding of Yorkshire; and particularly in the neigh- 
bourhood of North Brierley, several large heaps of cinders have 
been found, which he supposes to have been deposited there by the 
Romans : a conjecture rendered probable by a number of Roman 
coins having been found in one of these mounds. Horseley, in his 
Britannia 'Romana^ remarks, that there was a colliery not far from 
Brierley, which, in the judgment of those who are best capable of 
determining on such a point, appears to have been wrought by the 
Romans. Wallis, in his History of Northumberland*, to whom 
we are indebted for collecting these remarks, says, that the Romans 
were as well acquainted with our pit coal, as with our ores and 
metals. In digging up some of the foundations of the Roman 
walled city Magna, or Caervorran, in I762, coal cinders, and some 
very large, were turned up. Mr. Pennant also observes, that a flint 
axe, used by the aborigines of our island, was discovered stuck in 
certain veins of coal exposed to the day in Craig y Pare, Mon- 
mouthshire; and in such a situation as to render it very accessible 
to the unexperienced natives, who in early times were incapable of 
pursuing the veins to any great depth. 

Excuse me, if I have been rather tedious, in thus producing au- 
thorities in proof of this commodity having been known and used by 
the primaeval Britons. Remember that I am treating of that, which, 
from the great abundance in which it exists in this island, and from 
its superior quality, adds in a direct manner to the number of our 
comforts; and also gives indirectly to the country many peculiar and 

* Vol.i. p. 119. 
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important advantages. This substance was not brought into common 
use, in this part of the British empire, until the reign of Charles the 
First ; and even in Scotland, almost proverbially poor in vegetable, 
and rich in fossil fuel, it was at a very late period that coal was 
commonly used; for about the middle of the fifteenth century, 
wheuiEneas Sylvius* visited this island, he saw in Scotland poor 
people, in rags, begging at the churches, and receiving for alms 
pieces of stone, with which they went away contented. This spe- 
cies of stone, he says, whether impregnated with sulphur, or what- 
ever other inflammable substance it may be, they bum in place of 
wood, of which their country is destitute. 

. Mr. Arnot saysf , " Coal certainly was not discovered in the mid- 
dle of the twelfth century, and it was as certainly known in the be- 
ginning of the thirteenth century. In the Leges Burgorum J, which 
were enacted about A.D. 1146, a particular privilege is granted to 
those who bring fuel into boroughs. Wood, turf, and peat, are 
particularly mentioned, but with respect to coal there is a dead 
silence. But in the year 1234, Henry III. of England renewed a 
charter which his father had given to the inhabitants of Newcastle; 
and in this renovated charter he grants, upon their supplication, to 
the persons in whose favour the charter was conceived, licence to 
dig coal upon payment of o£*.100 a year, which is the earliest men- 
tion of coal in the island.'^ And Boetius||, in his Description of 
Scotland, his native country, written in the beginning of the sixteenth 
century, says, " There are black stones also digged out of the 
ground, which are very good for firing; and such is their intolerable 
heat, that they resolve and melt iron, and therefore are very pror 
fitable for smiths and such artificers as deal with other metals.^' 

In most countries of Europe has this valuable substance been 
found. Coal has been dug in France, Germany, and Sweden ; and 

* iEnea3 Sylvii Opera, p. 443. t History of Edinburgh. 

X Leg. Burg. c. 38. |l Boetii Scotorum Regni Descriptio, p. 10. 
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especially at Liege there are very considerable coal mines : but the 
mines of this island exceed, both in quality and extent/ any that 
have yet been discovered. In Wales, coal is found almost through 
the whole principality. Ireland is also very far from being deficient 
in coal mines; although they have not yet been found in such 
abundance as in other parts of the united kingdom. 

It has been found on the other side of the Atlantic ocean, in 
Newfoundland, Cape Breton, Canada, and some of the New Eng- 
land provinces. Mr. Jefferson informs us, in his Notes on Virginia^, 
that the country on James river, from fifteen to twenty miles norths- 
ward and southward, is replete with mineral coal of a very excel- 
lent quality. In the western country, he says, coal is known to be 
in so many places, as to have induced an opinion, that the whole of 
the tract between the Laurel mountain, Mississippi, and Ohio, yields 
coal. It is also known in many places on the north side of the 
Ohio. The coal at Pittsburg is of very superior quality. Dr. An- 
deiBon-f- states, that coals have been discovered also at Mada* 
gascar. At the Cape of Good Hope, where fuel is very scarce, 
we learn, by the accounts of Mr. Barrow :|:, that coal has been lately 
discovered coming out to day^ at the depth of two feet, along the 
banks of a deep rivulet flowing out of the Tygerberg hill. 

In China, it is probable that coal was disQOvered long before it 
was known in the western world. About the?* middle of the thir- 
teenth century, a noble Venetian, in his description of China ((, ob- 
serves, '* That through the whole province of Cathay^ certain black 
stones are dug out of the mountains, which, being put in the fire, 
bum like wood, and, when kindled, they continue burning a long 

♦ Notes on the State of Virginia, by Thomas Jeflbrson. London, 1787, p. 43. 
^ Anderson's Dictionary of Conunerce; vol. i. p. 229. 
X Travels in Southern Africa, by Capt. Barrow. 
H Marcus Paulas Veuetus. Purchases Pilgrimage, vol. iii. p. 88. 
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time, insomuch that if they are lighted iiif the evening the fire will 
keep alive during the whole night/^ * 

Coal is found at various depths in the earth, and interposed 
betwee})^ Strata of different kinds. The veins of coal also vary con- 
siderabfy in the thickness of the vein ; sometimes being many yards 
thick, and other times being merely a seam, little more than an 
inch in thickness. 

The strata, which are generally interposed between the gravel, 
clay, sand, and mould, at the surface, and the coal itself; qr which 
appear to be most generally connected with coal, have commonly 
a considerable degree of hardness : but they differ from each other 
very much in this respect, as well as in their thickness and their 
other properties. Do not fear that, by endeavouring to furnish you 
with some information respecting these several strata, I shall engross 
your time with the consideration of matters irrelevant to the grand 
object of our inquiry ; on the contrary^ be assured that it will de- 
rive from this investigation a considerable degree of illustration. 

Sand-stone is among the uppermost of the solid strata. It is 
of a granulated substance, of various degrees of hardness and co- 
herence ; and is formed by very small grains of various siliceous 
stones, and frequently of mica, imbedded in a calcareous, argilla- 
ceous, or even a siliceous cement. In the latter instance they pos- 
sess a great degree of hardness ; the hardness is also considerably 
increased, in every species, by the admixture of iron which has 
undergone but a slight degree of oxygenLzemenL 

Rubble-stone is a species of sand-stone, containing also a bluish 
^laty substance. 

Lime-stone also frequently occurs among the superior solid 
strata, and like the former is also found among the inferior strata. 
It exists in very considerable varieties of hardness and coherence, 
breaking with various kinds of fracture, according to the substances 
which unite with the calcareous matter of which it is chiefly formed. 
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' Fr££-bton£, so called fFom its breaking or working in all direC'* 
tions with the same degree of freedom, and which is a compact 
Jime-stone of an earthy fracture, is often met with in the search for 
coal. When it is of a very considerable degree of thickness, it 
obtains, in many coal^countries, the name of post-stoney of which 
four varieties occur, named, according to their colour, white^ g^^y 
brawn or yellow^ and red post. These are sometimes called by the 
collieils bands; thus they will say grey free-stone hands^ but the 
Scotch colliers term them grey fekes. 

Whin-stvone, Basaltes, and other stones whose hardness is 
iuch that their angular parts will scratch glass, and whose fracture 
exhibits an appearance so much resembling that which might be 
expected from sand half vitrified, as to have induced many to 
Suspect them to be of volcanic origin, also form strata of con- 
siderable importance, from their hardness and quantity, in most 
eoal mines. These are commonly called cockle in Cornwall, and 
skutdy in the north of Scotland. 

Irok-stone, called also mefaZ-^^one, and by the Scotch colliers- 
logger bandy is a stratum, which is generally next above the roof 
of the coal. It is very hard, compact, and solid, and of considerable 
weight. Its colours are various shades of brown and grey, aiui 
sometimes it is nearly black. It evidently consists of argillaceous 
earth impregnated with iron. Nodules of a richer ore of the same 
metal are frequently contained in it. These are called ball iron^ 
stoncj cafs'heady and doggers. Masses of pyrites are also frequently 
found in this stratum. 

Shale, or slate-clay, called also shiver ^ black metals and bUaSy 
and by the northern colliers blae or tilly often also forms the roof of 
coal mines. It is generally bluish, blackish, or of a reddish grey. 
It is frequently marked with impressions of vegetables. It breaks 
into long thin shivery lamina, and is very friable. It readily re- 
solves, cm being immersed in water, or even on exposure to the air. 
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ittto It fine soft clay. It conteins a portion of bituminous matfcr, 
and generally has an unctuous feel, on which account the Scotch 
colliers term it creeshy blaes or greasy blaes. 

Not only do these strata vary in difierent districts, but, even in 
the same district, a considerable difference will sometimes be found 
in the strata ; and these differences may even arise from varietiet 
frequently occurring in the same species of strata, from which may 
result several distinct strata differing in colour, quantity, cohe* 
rence, &c., whilst a stratum of another kind may occur only once 
or twice. 

ThefoOomng Example qf the differefU Strata of Earthy Stmt^ and Caal^ in a Coal Mine 
to the West of Dudly^ m the Count}/ of SU^brd^ will serve to give you an idea qf the 
manner in which they occur. 

ttnfi. ft; ttu 

No. 1 Yellowish clay, immediately uftder the mould • 4 

2 Bluish-clay i 5 6 

3 more compact and firm, called cluach, aod bearing theimpreanon of platit9 24 O 

4 - aofCer than No. S ^ 9 

5 A bank (stratum) of grey atone .••.. • « • 4 

6 Whitish yellow cla^ 21 

7 Hard gre^ rock, with faint impressions of vegetables 75 

8 Clungh, m which iossil plants are found ; • •.•• .5 

9 Bench or bank coal (black and glistening) • •••• 1 

10 Slipper coal (abou9ding with coa^} » ». 5 Q 

11 Spm coal (a blacker and glossy coal) 4 

12 Stone coal (pretty like Cannel coal) • i 4 ,Q 

These four beds were separated by bats, a hard stony espth 1 . ^ 

13 Dunrow bats •• y ^ 

14 Grey iron-stone, called my-bench • ••••• \ 

15 Bluish bat, in which is found iron-stone .^....m O 9 

16 Blackish and hard iron ore, called white-row ffrains^ the grains being hke shot ..«•«• \ 3 

17 Hard grey iron mine, spotted with white, called mid-row grains 2 

• 18 Gublin bat» a black fissiie substance, an iron ore, in which a bituminoua shivery earth 

" abounds 2 

19 Gublin iron-stone (an iroQ ore,, hard, blackish, and spotted with white) O 9 

20 Bat^ resembling No. 18 .« 1 9 

21 Cannoc iroa-stone«, hard and grey • • 6 

22 Bat, somewhat hairder than No. 20 .••••«•...•«.••..« • 1 • 

25 Rubble iron-stone, ingrains, grey and hard 

24.'rible bat , ^ 2 

25 Foot coal, a coarse sort 1 

26 Bat, bhck, brittle, and gttstening , .» 4^ tf 

27 Heathen <^ ; , • 6 

28 &a coal, tt ordinary coal, in a thin bed, and does not burn well .•••• 'I 

29 Beach coal ^ , » f 

30 Bat , 

ISO 




ITS 

In the foregoing table are several terms^ which^ being provinciaT 
expressions, may not be generally comprehended. They will, how-^ 
ever, be understood, probably, sufficiently well for the present in- 
tention : it, however, may not be amiss to observe that clunch, in 
.that part of the country to which the above table refers, represents 
.the firm blue clay .of Wallerius (argilla plastica particuUs suhtUwri^ 
bus) J which is generally used for tiles: and in Cambridgeshire the 
same term is employed to describe a white hard clay, confaining 
9and and small stones. 

The line formed by the bearing, or laying of one stratum upon 
another, is termed thb parting, and according to the facility of 
separation it is named a, good parting or a bad parting. Sometimes 
the two strata are so closely conjoined as to render their separation 
very difficult, this is termed a bad parting. On the other hand, a 
thin dusky laminated matter is sometimes interposed between the 
two masses, whereby a good parting is formed. 

Besides these partings of one stratum of coal from another, each 
stratum will be found disposed to part, at numerous secondary di* 
visions or partings, which run parallel to the former, but are neces* 
sarily not so visible nor so strong. Other divisions or lines of 
separation occur, which cross the former horizontal ones in nearly 
a perpendicular direction ; these are called backs. Tliese are crossed 
too by others, at right angles, also in a direction approaching 
to perpendicular: these are called cutters. The facility of separa*- 
tion at these lesser lines of partings will often be found to be pro- 
moted by a film of pyritous, earthy, and even stony matter having 
formed the substance which is interposed at these partings. 

In the parting between the superior part of the mass of coal, 
and the impending stratum or roof of the minej very considerable 
differences occur. Sometimes the parting is very difficult and bad, 
from the closeness of their union. At other times the head of the 
mass is sprinkled with a powder like soot, or powdered charcoal. 
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found that thdy will be tibrown up again as much by one sldp, ai 
they appear to have been thrown down by the other. It sometimei 
happens that all the slips are lANm-sH^ the strata seeming tahaye 
sunk lower in each succeeding slip. These slips differ very much 
in their width, as well as in the matter with which they appear to 
liave been filled.* Some> which are wide, are filled with adventi^ 
tious and heterogeneous matters ; and others with soft aigillaceous 
nsatters. Other slips are seen, in which, although the strata are 
thrown a great many fathoms off the ordinary level, the two sides 
of Jthe fissure are found, in some places, quite close together. In 
these perpendicular fissures, or rake veins^ as they are called hy 
miners, a confused mass of heterogeneous matter, solid whinnstonei 
spar, ores, and metals, and particularly sulphurets of metals, are 
frequently found ; very large ribs of spar, and of pyrites, being 
very frequently thus disposed. A dyke is a separation or chasm 
in the coal and accompanying strata, which differs from the slipi 
chiefly in bearing the marks of a mere fissure or separation; the 
feoal seams and other strata being not thrown off their levels, as in 
slips; and the heterogeneous matters with which the chasm has 
been filled, bearing more plainly the marks of Jiaving been brought 
there by wateBi. 

In slips the coal metals have a viscj which is the vestigia of the 
coal, and which leads upwards, or downwards, to the separated 
stratum of coal ; but in dykes there is no such vise leading through 
to the other side. Sometimes the crack or chasm in the coal, and 
in the accompanying strata, resembles the dyke in every respect, 
except that the foreign matter is not indurated as in that of the 
dyke, but always continues loose, and generally very wet, These 
are called galls or gashes. 

When the separation is not very considerable, and the strata on 
each side the fissure maintain their original position, it is called 
A HITCH. In some placesi without any apparent cause, the coiU 
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about fifiteen miles'over evefy way* Frequently, Mr. Williams ob- 
serves, the seams of coal rise up to day, and then seem* to decline 
a little way down from the surface of the earth to a sufficient depth 
to be preserved fresh and good, even in full perfection, until the 
exigencies of society have occasion for them ; and that, whien they 
have declined so far, they then become quite flat, and afterwards 
rise again upon the opposite side of the coal field, with an opposite 
dip and rise, B^d so form a great trough, resembling a valley; 
which is, he remarks, one of the best similitudes of the position of 
4he seams of coal in a coal field that cani be imagined. 

Yours, &c. 



LETTER XVII. 

PARTICULARITIES OBSERVABLE IN DIFFEftENT COAL-PITS.... 
CANNEL COAL.... PYRITES, &C. 

JlIaving thus endeavoured to furnish you with a compendious 
account of the particular circumstances which accompany the dis^ 
position of coal, I shall, for the sake of supplying a few more points 
of comparison, lay before you a sketch of some of the more inte- 
resting mines of coal ; that you may be the better enabled to deter- 
mine how far the attempt to account for their existence agrees with 
the phenomena which nature presents to our observation. 

At Bishop-Sutton, near Stowey, in Somersetshire, the first solid 
vein is called the stinking vein, from its peculiar impregnation 
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with bitumen ; and at about seven fathom occurs a stony stratum, 
called, in that part of the country, cats-heads^ from its contain-i 
ing the substances so called. This vein is two feet in thickness, 
and at about five fathom lower down is found, what is called the 
three-coal vein, formed of three different sorts of coal ; a stony bed, 
between one and two feet in thickness, being between tlie first and 
second vein, but the second seems to lie on the third, with hardly 
any parting between, being in the whole about three feet deep. 
At eight or ten fathom beneath this is the peacock or peaw vein 
of coal, the surface of which is marked with eyes^ diversified with 
colours like the eyes of the peacock^s tail. The uppermost surface 
of this coal is intermingled with fossil shells, and the vestiges of 
fern. At about five or six fathoms beneath this vein, is the smith's 
vein, so called from the use to which the coal is chiefly applied. A 
little lower than this is what is termed the shelly vein, and about 
ten inches lower than this is a vein too indifferent to be worked. 

At Whitehaven, at the depth of forty-two fathoms, the roof of 
the coal is met with, being a black rock six inches thick, which has 
been cleft into regular squares about six inches in diameter, having 
an appearance similar to a piece of tesselated pavement. From , 
Whitehaven to below Thoresby are pits of coal of very considerable 
depth. At Newcastle upon Tyne, as I am informed by Mr. Robert 
Eddington, the ingenious author of an " Essay on the Abuses of 
the Coal Trade,'" there is a coal-pit, which is an hundred and 
thirty fathoms in perpendicular depth, and which is worked, at tliat 
depth, five miles horizontally, quite across, beneath the Tyne, and 
under the opposite county of Xhirham. In Northumberland, to- 
wards the more eastern parts, are pits of coal at thirty fathoms 
depth. With respect to Cumberland, the whole county seems to 
be a mine of coal and of black lead. 

At Newcastle upon Tyne, Staffordshire, and in some parts of 
Scotland, the strata are chiefly composed of stones fit to be applied 
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to the purposes of building. In Yorkshire, throughout the whole 
district of Riclimoud, in Shropshire, and Leicestershire, and in al^- 
most the whole of the northern quarter of the island, the coal'ap- 
proachcsi in it^ appearance very nearly to bitumen, which has 
merely suffered induration. 

In Lancashire, near to Pendle Hill, is obtained a species of the 
Cannel coaL In Durham the coal is so near to the surface of th^ 
earth, that the wheels of the carriages lay it open to day, in suck 
a quantity, as to be sufficient for the use of the neighbourhood, 
and to become a valuable branch of income. 

At WidringtoUj near Berwick^ bordering upon Scotland, is a coal 
pit, the strata of which, according to Mr. Stracey, are thus dis^ 
posed. A bed of clay of four yards in depth is first dug through, 
when a seam of coal is found about six inches in thickness^ The 
next two fathom are filled by strata of free-stone, whin-&tone, and 
potters earth ; then appears a stratum of soft white stone, and then 
coal for about three feet and nine inches in thickness *• 

At Auchenclaugh, six miles to the east of Kilsyth, there isia coal 
mine eighteen feet in thickness. 

At Mall-traeth Marsh, about the midway between the sea and 
the farthest inland points of the marsh, they find, whilst digging 
for^oals, a perfect sea shore, with all the marks of it, as pebbles^ 
shells, &c. under five or six yards of pure sand-f* 

In Scotland, where the coal exists very plentifully, it is in general 
df an exceeding good quality, being, like the Cannel coal of Lan*- 
xrashire, almost purely bituminous. 

In a quarry about a quarter of a mile above Roslin, and also near 
Auchindinny, upon the north side of the river, is a regular, conti- 
nuous seam of coal, only about an inch, or an inch and a half thick, 
with very strong thick beds of post stone above ; and there are alsa 
several thick seams of coal, both above and below this thin one* 
♦ Philos. Transact. 1725. f Rowland's Mona Antiqua, p, 16, 



,180 

he remembered, does not enter necessarily into the composition of 
the coal, any more than the metal does, except that bath are-depo* 
sited together in the numerous small intersections which every wliere 
divide the substance of the coal ; and frequently they are deposited 
in very splendid pyrites, on the surface next to the superior accom- 
panying stratum, Tims at Whitehaven, where the coal pits are very 
deep, the surface of the slate, which forms the roof to the coal, is 
entirely covered with pyrites. 

As 1 shall have repeated occasion to refer to the pyrites, I will 
here remark, that pyrites, marcasites, or metallic sulphurets, those 
bodies which generally manifest a metallic lustre, and possess at 
the same time a crystallised form, are compounds of sulphur and 
metal, frequently of copper and lead, but, by far, most generally, 
of iron. By slow decomposition they derive oxygen from the 
air, which, uniting with the sulphur, forms sulphuric acid, which 
tlien acts on the metal, and forms with it a sulphate, or solution of 
the metal in sulphuric acid. 

Besides these substances, analysis demonstrates that several of 
the acids, in combination with some of the alkalies and of the 
earths, but chiefly with the latter, exist also in coal. These acids 
are also found in the accompanying strata of coal pits, and some- 
times add to the pecuniary advantages derivable from those real 
mines of wealth. 

The earth, or stone, accompanying coal, is frequently employed 
for the formation of alum, it possessing almost all the principles of 
that salt. By long exposure to the air and moisture, or by a judi- 
cious application of heat, and a subsequent use of moisture, the 
sulphuret of iron undergoes the following change : the sulphur be- 
comes oxygenized; and the acid thus formed, uniting with the 
metal, forms a sulphate of iron. A second employment of heat, 
and of subsequent moisture, produces such a change on the iron, 
that it is no longer capable of being held in combination with 
the acid, which therefore unites with the clay. An addition of pot- 
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According to Mons< Morand^ eight pounds of Scotch coal prb^ 
duced thirteen ounces of a saline water, one ounce of a volatile salt^ 
six ounces of dark-coloured oil, resembling petroleum m colour and 
smell, and left six pounds and a half of cinder. He suspects that 
the oil of coal obtains its colour, and perhaps its smell, from a 
small portion of sulphur which enters into its composition, since 
he finds silver is blackened by it in the same manner as by the baU 
iam. of sulphur, which is a combination of sulphur with oiL 

Yours, &Ci 
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LE'lTER XVin. 



BiTUMiK^ous Fermentation. ...coMPATtED . with the other 
SPECIES of feementatiok..., bitumens, the resuxt Of THisr 

process, .-FEAT, A VEGETABLE FOSSIL, THE FIRST PRODUCT OI^ 
THIS FERMENTATION. 

JlIaving supplied you with the most interesting particulars, re-- 
specting the properties of bituminous substances, and the situations 
in "which they are found, I shall now endeavour, aided by the ob- 
servations of those who have preceded me in this path of science, 
and by the light yielHed by the later discoveries in chemistry, to 
ascertain their actual origin, and to propose a conjecture as to 
the nature of that process which has been instituted for their for- 
mation. 

A careful investigation of the subject has led me to believe, that 
the mineralisation, or petrifaction as it is generally called, of vege-^ 
table matter, as well as the formation of every bituminous sub-i 
stance, is primarily dependent on that process, on the accomplish- 
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ihent of which the formation of peat also depends. This process^ 
therefore, must necessarily demand a strict attention ; and our en<- 
quiries will, I doubt not, be sufficiently repaid on the discovery of 
the important offices which this process performs. 

We have already seen, that vegetable matter, deprived of life, 
suffers, on the surface of the earth, a certain decomposition, by 
which some of its principles, becoming volatilised, are diffused in 
the surrounding atmosphere, whilst others enter, on the spot,, into 
new combinations, and there form a substance called vegetable 
mould, replete with all the principles necessary to yield the proper 
pabula to a succeeding race of the same class of beings. But other, 
and very different changes to those which take place on the surface, 
were necessary to be decreed, for those vegetable substances which 
are buried far beneath the surface of the earth. 

In some cases, it is highly presumptive to measure the wisdom and 
providence of omniscience, by our narrow judgments ; and it is bor^ 
dering on profanation to point out, as the wonderful contrivance of 
the deity, those arrangements which may be, only the creatures of oiu* 
own fancy and imagination. But I trust that, in this conjecture,! shall 
not err. The path of nature appears here too plain to be mistaken* 
The resolution of vegetable matter into mould fit for the future 
growth of vegetables is the result of a design, the end of which is 
evident. But when vegetable matter is deposited at depths lower 
than the roots of vegetables ever reach, a conversion into a sub- 
stance of this kind would be useless ; and nature^ it must be remem- 
bered, 4oes nothing in vain. Another process is therefore instituted; 
and instead of a substance being produced, calculated to promote 
vegetation, where vegetation never takes place, a substance is fonnec^, 
differing in its nature, and varying in its properties, from all others^ 

The process by which this substance is formed I shall take the liberty 
to consider as of the fermentative kind, and shall distinguish it by 
the name of bituminous iekmentation; defining it — Afermen^ 



^ 



F 



F 



184 

iathn peculiar to vegetable matter placed in such situations^ as not cnhf 
exclude the external air^ and secure the presence of moisture, hid pre^ 
vent the escape of the more volatile principles ; and which terminate 
in the formation of those substances termed bitumem. 

Having here distinguished this process, for the first time, as a 
species of fermentation, its right to such a distinctidn ought to be 
ascertained as soon as possible ; but, as the circumstances on which 
its claim depends are to be found in the history of the^henomenH 
it produces, and of the results of its operation^ we wiU &st hasted 
to their consideration. 

In a process carried on in the recesses of the earth, or, at least, 
in situations from which our observations are excluded, it is not to 
be expected, that a complete history of all the phenomena which 
occur during the whole of the operation can be possibly made out. 
To furnish a satisfactory account, we must have recourse to infe- 
rence and analogy; thus aided, we may, perhaps, with only tl^ pro- 
duct of the o[>eration before us, be enabled to form well-founded 
conjectures on the phenomena which have actually taken place. 

Ahnost all vegetable matters manifest a strong disposition to de- 
composition, when the separation of their integrant molecules is 
aided by the interposition of tlie particles of water; and particularly 
if, with this, is combined the powerful energy (^caloric. If this 
latter agent be employed, only in a low degree, iftn intestine mo- 
tion among the integrant molecules takes place, the equilibrium 
by which that particular mode of composition was preserved is 
broken, a separation of the constituent principles takes place, they 
become influenced by new attractions, and then enter into new 
combinations and modes of existence. Thus a resolution of the 
original compound is effected, and new substances are formed, dif- 
fering much in their physical, as well as their chemical properties, 
from the substance from which they have proceeded. One parti- 
cular point in which they almost always differ may be here very 
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remainder that the accomplishment of this process is effected. Iti 
the acetous fermentation, this escape of the volatile parts is conti- 
nued through tlie whole of the process, and occasions the great; 
' difference which exists between the two products. In the first of 
these species of fermentation, carbon, that principle which always 
seems to affect that mode of combustion, observable in ignited 
' charcoal, where flame is not present, is, we have remarked, dissi- 
pated in very large quantities, by which its dose in the mix- 
ture must be considerably diminished ; wliilst, should hydrogaft 
eyen be supposed to escape in a similar proportion, still, from the 
decomposition of the water, sufficient of this principle, which I 
will call the principle of inflammability, will be yielded, to give 
the spirituous and very inflammable product which we ^nd to be 
the result of this process. In the latter of these species of fermen- 
tations, in which the dissipation of the volatile matters are carried 
to the utmost extent which the degree of temperature will admit, 
the mixture appears to be deprived of almost the whole of its hy- 
drogen ; except, perhaps, just so much as is left in combination 
with the colouring principle, and the water, whilst the oxygen isi 
attracted, nearly in the same proportion, by the carbon from the 
atmosphere, and from the very considerable dose of this acidifying 
principle; and, from some peculiar modification of their union, 
the product, vinegar^ results, possessing a high degree of acidity^ 
but not the least degree of inflammability. 

We will now examine the changes which may be .expected to 
result from the decomposition of vegetable matters placed in subr 
t^ranean situations, and considering these, with the properties 
which are possessed by the supposed product of the bituminous 
fermentation, shall be enabled, especially by recollecting what has 
been just said of the other species of fermentation, to determine 
whether it is right to admit of the existence of such a species of 
fermentation or not. 
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Secured on every side by the surrounding earth, the mass of 
vegetable matter is preserved^ as it were, in a well closed vessel ; 
hardly any escape being permitted to any of its more volatile particles, 
nor any admission of extraneous matters allowed, except of such 
as are introduced with the water which may insinuate itself by 
soaking through the interstices of the earthy particles, composing 
the several strata which inclose it. It is decreed that a strong dis- 
position to separate, and to unite in another order, shall secure the 
necessary decomposition of dead organised matter, which, accord- 
ing to the economy of nature, is but to possess a short and trans- 
ient cohesion. Agreeable to this law, this mass of vegetable mat- 
ter, now deprived of the energy of vegetable life, must undergo 
some change ; but, from the closeness of its preservation, it cannot 
admit that escape of the gaseous matters on which the commence- 
ment of the vinous, acetous, or putrid fermentation depends : ano-^ 
ther process is therefore instituted. The hydrogen, carbon, and 
oxygen are disengaged from their former attachments, but, being 
prevented from flying oflf in a gaseous state, are obliged again to 
unite, and to enter into new combinations. Under these particular 
circumstances, a substance may be'^expected to be formed contain- 
ing jt-considerable portion of these principles so abundant in vege- 
table matter. In this respect, there undoubtedly may be discovered 
ft remarkable agreement between the supposed jjgqduct of this fer- 
mentation, and the hypothesis by which its formation is attempted 
to be explained ; since, in all bituminous substances, the abundant 
existence of these three principles has been^^ufficiently proved by 
ans^lysis. 

In this, as in every other species of fermentation, a considerable 
diflference may exist, as to the degree of perfection to which the 
process may proceed, and, of course, as to the degree of perfection 
which the product may possess. Thus 1 expect to shew, that, ao* 
cording to length of time, exclusion from the air, and the existence 
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of other favourable circumstances, will these bituminous substances 
be found, in their several approaches to that state to which the laws 
of nature seem to have particularly destined them. 

Peat, that combustible and inflammable substance, generally 
found in considerable masses at a little depth beneath the surface 
of the earth, possessing chemical properties essentially diflFerent 
from every other substance which has not derived its existence from 
the same origin, appears to be the first product of this kind of fer- 
nientation, and to have been formed in situations not favourable to 
the rapid completion of this process. The celerity with which this 
process is accomplished must depend on the closeness with which 
the gaseous principles are secured ; but it should be considered, 
that such peat-bogs, as are comparatively but of modefn formation^ 
are covered by a coat of vegetable mould, in an humid state, of no 
considerable degree of thickness, and therefore the escape of the 
more volatile principles, and the admission of atmospheric air, is 
only partially prevented; the process must therefore be carried on 
with much less effect than in those cases which will be hereafter 
mentioned, where vast masses of vegetable matters have been sud- 
denly buried under a considerable thickness of earthy deposition. 

The abundance of hydrogen, carbon, and oxygen, in peat, is 
demonstrated by its analysis. By the early analysis of Schoockius 
v^ learn that it jiplds an oil much resembling the oil of amber, 
with an acid liquor. Mons. Fourcroy relates, that, on exposing 
peat to the action of heat in a distillatory apparatus, a yellow or 
reddish foetid water isflfctained, an oil of a most disagreeable odour, 
with carbonate of ammonia, and carbonated hydrogen gas, also 
smelling most disagreeably; a coal being left which is frequently 
pyrophoric, and which yields, after incineration, muriate and sul- 
phate of soda and of pot-ash, mixed with the phosphate and sul- 
phate of lime, and with the oxides of iron and of manganese*. 
* Syst. des Coniiois. Chem. torn. viii. p. 233. 
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The prevalence of hydrogen in this substance is fully displayed 
by the foregoing analysis, since not only enough exists for the for- 
mation of this peculiar oil, but a considerable quantity of this 
principle is also disengaged in a gaseous form: the agreement, 
therefore, between this substance, and what might, d priori^ have 
been supposed would be the product of vegetable matters placed 
under these particular circumstances, appears to be evident. Th§ 
original mode of existence which belonged to this substance is suf- 
ficiently marked, by the great quantity of vegetable substances 
which are found in it, which have not suflfered such an alteration 
as to hinder the immediately tracing of them to their true origin. 
That this substance has been subjected to the influence of the two 
circumstances which seem essential to this peculiar fermentatiouji^ 
the presence of moisture and subterranean situation, must appear 
so plain from the descriptions you have already had laid before you> 
of the state in which peat-mosses are found, that, on this point, not 
a word need be added. Peat, therefore, I presume, we may regard 
as a vegetable secondary fossil; having been formed from vege- 
table matter, changed in its nature and properties by a certain fer- 
mentation, which has been carried on in the mineral regions. 
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LETTER XIX. 

DOSSIL TUBES, IMBEDDED IN PEAT, HAVE UNDERGONE THE BITU- 
MINOUS FERMENT ATION....THE CHANGES WHICH M0W-BUR1*T 
HAY UNDERGOES', SOMEWHAT SIMILAR TO THAT PRODUCED BY 
THE BITUMINOUS FERMENTATION. 

The fos^l trees which are so frequently found imbedded in peat, 
piay also be considered as vegetable fossils ; and as thej appear to 
have undergone exactly the same kind, and the same degree of 
mineralization with peat, their consideration along with that sub^ 
stance seems most eligible. 

These trees, as appears by the accounts already given, are almost 
always found to have preserved their original form and structure so 
exactly, as frequently to render it easy to discover what species of 
trees they are, even in this their mineralized state. When first found, 
these trees are generally, of a (dark brown colour, manifesting, as 
has been already men tic>tfed, the exact form of the original tree; 
but so soft, as to be capable of being deeply cut into by the stroke 
of a spade; and also of sO j^ungy a texture, as to allow a very 
considerable quantity of wat^t, to be squeezed from them, even by 
a moderate degree of pressure. So tenacious are they of the water 
they have thus imbibed, as still to retain a very large portion of it, 
even where great pains have been taken to procure its expulsion. 

But when, after^ong exposure to the air, this water has been 
evaporated, the^ubstance of these fossil trees assumes different de- 
grees of solidity, dependent on the state in which the wood existed 
at the time of its exposure to the bituminous fermentation, and on 
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the extent to which this operation has proceeded. Should the tex- 
ture of the wood have been loosened by previous decay, it will, in 
its bituminous state, when dry, be found to be in a loose shattery 
state ; the fibres being hardly discoverable, owing to their having 
concreted into irregular fasciculi. The appearance which such 
pieces exhibit may be conceived from the specimen delineated in 
Plate I. YigP[. 

But, on the contrary, if the wood had endured little or no pre- 
vious decay; nor has suffered any loss of substance, from the agita- 
tion of the water in which it has laid, and has undergone the same 
degree of bituminization which peat in general has suffered, it will, 
when dried, not only possess its pristine form, but almost its ori- 
ginal degree of hardness. Slips of this bituminized wood will 
flame, when lighted, like matches made from the fir or pine tree; 
which circumstance has occasioned some confusion, some having 
asserted that the trees from which these slips have been taken must, 
of necessity, have been of the resiniferous kind, from their possess- 
ing so great a degree of inflammability after ages of immersion 
in water. This phenomenon, however, is more easily accounted 
for, by considering that this substance no longer possesses any of 
the original compound constituents (materiaus immediatsjy of which 
turpentine is one, but that the inflammability depends entirely, on 
the wood being now converted into a bituniyious matter; which 
circumstance is evinced by the particular odour, and other peculiar 
circumstances, which accompany the combustion of this substance. 

Bituminous wood, sometimes possessing a considerable degree of 
closeness of texture, has been very advantageously employed for ' 
many of the purposes to which ordinary timber is generally appro- 
priated. From its adoption for such purposes an observation has- 
been made, which deserves, in this place, rplrticular notice. The 
experience of the workmen has led them. to observe, that Ihis.spet 
cies of fossil wood resists the action of water much longer than 
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other wood ; they therefore choose to employ it in those situations 
which are most exposed to injury from that element. Here we 
plainly perceive an instance of the powerfully pervading influence 
of this species of fermentation — trees so little altered in their struc- 
ture as to bear all the ordinary operations of hewing, &c. in the 
same manner as common timber, are found to be so far bitumi- 
nized, to their very centre, as to have become, whra dried, in a 
considerable degree impenetrable to water; a property possessed 
by all bituminous matter, after having been once dried, in propor- 
tion to the degree of perfection to which their bituminization has 
proceeded. 

That the leaves, and other soft parts of plants, should suffer con- 
siderable change by this, or by any other species of fermentation 
to which they are subjected, is by no means difficult to understand; 
but that large solid trunks of trees should thus be penetrated, by 
this peculiar in£[uence, to their very centre, and that too in those 
kinds of wood the substance of which is naturally very dense, can- 
not but excite interest and surprise. To account for this astonish* 
ing effect, it is necessary to consider the powerful agency of water; 
which, either existing in a separate state, or as one of the consti- 
tuent parts of the substances exposed to this species of change, 
appears to be as indispensably necessary in this, as in all other fer- 
mentations. It is well known that, by the long continued immer- 
sion in water of a piece of timber, the particles of water may be 
made to insinuate themselves through every part of it ; and when 
the water is impregnated with the leaven of this fermentation, this 
will of course be conveyed to every part, and thus may we account 
for so wonderful a change being effected through the whole sub- 
stance. Hereby we discover that this effect, so astonishing at first 
view, is accomplished by this two-fold action of the water ; first, 
by separating, by its interposition, the integrant molecules of the 
wood ; in producing which effect it is perhaps aided by the com* 
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bined action of a portion of caloric; and, secondly, by conveying 
to every point of the vegetable substance the leaven of the bitumi-* 
nous fermentation; by the active energies of which fermentation 
the whole mass of solid wood is made to undergo an actual con- 
version, and to pass from the state of wood to that of bitumen. 

This particular species of fermentation jmay be illustrated, by 
considering the phenomena which result from vegetable matter be- 
ing placed in such circumstances, as we have assumed necessary to 
the production of this fermentation, excepting only that of not 
being in a subterranean situation. Should we find that vegetable 
matter thus disposed undergoes a somewhat similar fermentation, 
which produces a change approximating to that which takes place 
in what I have termed the bituminous fermentation, we shall have 
another presumptive evidence of the propriety of distinguishing 
the process by which peat is formed, as a species of fermentation. 

The situation in which we find vegetable matter thus disposed, and 
in which the efiects are immediately under our own examination, is 
that in which the various species of grass, &c. are so closely stowed 
together, and in such quantity, that the weight and thickness of the 
superior layers must totally prevent all access of the external air, 
and any escape of the separated gases. You must have already 
perceived, that I here refer to the process employed in hay-making; 
and you well know, that when this operation is conducted accord- 
ing to the wishes of the farmer, that the saccharine fermentation, 
or a fermentation nearly resembling it, only takes place; and the 
grass is changed into liay^ which possesses a peculiar fragrance and 
sweetness. But should the grass, at the time it is heaped together, 
unfortunately retain too much water, very difierent effects will fol- 
low: heat will be rapidly evolved, and a dense vapour will be seen 
to exhale from the mass. If the process be stopped in this stage^ 
the mass of vegetable matter will be found to have acquired a verf 
dark brown colour, and a glazed surface, and to emit a sti^g pe^ 
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cviliar. odour, resemhlmg that of emp;yTeuma, or of bitumen. Id 
this state it is generally known, by the term mow-burnt hay. But if 
the process be allowed to go on^ the heat soon considerably aug- 
ments, the vapour assumes the form of smoke, and, at length; 
actual flames break forth, and the whole mass is presently redluced 
to ashes. 

The remarkable evolution of heat, in the fermentation I have just 
spoken of, demands an inquiry whether any thing similar ever takes ' 
place in the process of bituminization; since, if that be' not the 
case, the parallel would so far fail. But, as the process x)f bitumi--' 
nization is carried on out of the reach of our examination, it i» 
impossible, as has been already observed, to speak accurately re- 
specting the phenomena which arise during its performance. ThefoU 
lowing account, however, contained in a letter from Peter CoUinson, 
Esq. to Sir Hans Sloane, among the unprinted papers of the Royat 
Society, preserved in the British Museum, shews that this pheno- 
menon may arise during this process. You will also perceive that 
the learned writer proposed to account for its occurrence in a siml-- 
1^ manner with that which I have here adopted. 

" Our newspapers, printed here, mention the burning of brooksv 
in the Vale of Good Cheap ; but the case is, that some pieces of 
marshy ground, called brooks, from their watery situation, have 
flamed for some time ; and these they have called burning brooks ; 
the parish next adjoining is also called Brooks. The soil is like 
those parts of Cambridgeshire, where the turf is cut, and very often 
under water; but this dry season has brought it from very wet to 
that degree of moisture which often causes hay to ferment and 
take fire. Accordingly, this fire begins about four feet under ground, 
just above the water (as appears by digging), and so bums up to 
the surface, where it flames out, especially if stirred with any thing ; 
and, according to the quantity of roots and fuel it meets with, it 
leaves strata of black cpal, or red ashes. The fire has now bur^t 



for several weeks, and is expected to continue till the rain or springs 
extinguish it. The same land burnt, in the same manner, about 
forty years ago. Perhaps this hypothesis, of its kindling by fer- 
mentation, may be confirmed by the frequent firing of hay-stacks 
this year, of which we have had many more instances than in several 
years before.'' 

.Upon the authority of Schoockius, we leam that this species of 
combustion is no rare occurrence in the peat-pits of Germany. 
More or less frequently, he says, it happens ; but chiefly when the 
heat has been more violent, and the rains have fallen less plentifully^ 
that either by accident, or by some one's malice, not only the dry 
peats, but even the marshy earth itself, become drier than usual,, 
is set on fire; when the flame spreads far and wide, occasioning a 
calamity, not less dreadful to those labourers who dwell at the pits^^ 
whose little hovels it lays waste and reduces to ashes, than to those 
who derive their livelihood from these pits. For this reason,, proper 
watchmen are appointed to go round,^ not merely to keep it toge- 
ther in heaps, but to be ready to extinguish, in time, the fire which 
might break out. This they do not so much by water, which is not 
always found in sufiicient quantity, as by smothering it, by turning 
over it with shovels the adjoining earth. If this be not done, the 
flames continually acquiring more fuel, the fire ravages, not for a 
few days, but for weeks and even months, as dreadful experience 
has shewn, so that the extended plain may be regarded as a lamen- 
table and distressful kind of volcano. 

Thus far I may, surely, venture to remark, that analogy confirms 
the opinion, that peat is the product of a peculiar fermentation. 

Yoursjj &G.. 
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LETTER XX. 

EXAMINATION OF OPINIONS, RESPECTING THE ORIGIN OF PEAT.... 
ABORIGINAL FORMATION....A MARINE DEPOSIT....MIN£BrAI. 
ORIGIN....FLOATING ISLANDS....A RECENT VEGETABLE SUB- 
STANCE. 

A.LTHOUQH I encourage the hope, that the ch^cumstances adduced, 
are sucK as will be likely to be successful, io establishing the opi<- 
nions I have offered, respecting the origin and nature of this sub- 
stance ; jet something more remains to be done. The opinions 
already advanced, on this subject, have a claim upon our attention ; 
and although the greater part of them may not require a formal 
refutation, others will require to be examined, that it may be de- 
termined whether they offer a satisfactory explanation of the pro- 
perties which are possessed by this substance. It is likewise incumi* 
bent to determine whether those particular circumstances, which 
have been supposed most powerfully to support the hypotheses 
which have been already advanced, militate against, or favour, 
that which is here attempted to be established. 

The first opinion I shall notice is that which supposes peat to 
have existed, in its present form and state, from the creation of the 
world. In opposition to this opinion it must be sufficient to ob- 
serve, that peat is composed of substances which bear the indu- 
bitable niarks of having existed in another state ; also that there 
exists an abundance of instances of its formation going on, even 
at the present day. 

The hypothesis, which supposes it to have been formed by a bitu- 
minous deposit from the waters of the sea, must be rejected, from 
its being impossible thus to account for the prodigious quantity 
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of vegetable matters, of which it is so evidently composed. The 
distinctness of vegetable form and structure, which is thus displayed, 
and which incontestably proves their previous existence in this mass, 
serves also to refute the opinion, promulgated by Pliny, and adopted 
by Schoockius and others, of this substance being entirely of mineral 
origin ; and of its being originally formed in its present situations. 

Those who have endeavoured to account for the formation of 
peat, by the sinking of large floating islands, which have afterwards 
become covered by the accumulation of strata of other earth, ap* 
pear, certainly, to have mistaken the cause for the effect. This will 
I think appear sufficiently plain by examining the following very 
curious account of the appearance of these islands, as well as of 
the phenomena which precede and accompany their formation, as 
given by a gentleman who appears to have almost witnessed the 
separation of these floating islands in the lake of Derwentwater. 

The lake of Derwentwater is celebrated for the astonishing phe- 
nomena its waters exhibit. At uncertain times the waters of this 
lake experience very considerable agitations, the waves running to* 
a great height, and forming large white breakers, on which the 
boats are tossed as though in a severe storm ; whilst none of the 
usual causes of such commotions of water are discoverable. The 
waves differ from those produced by ordinary causes ; not rolling 
along from one end of the lake to the other ; but rising, in moun- 
tainous heaps, from ten inches to two feet in height ; as though 
raised by some powerful elevating force, applied underneath : and, 
in agreement with the idea thus suggested, the people of the neigh- 
bourhood term this phenomenon a bottom wind. Sometimes the 
whole surface of the lake is thus agitated, at other times it is only 
partially affected ; and frequently it will strike a boat with so much, 
force, that it will appear as though it had struck against a rock : a 
very considerable roaring noise often accompanying these surprising 
appearances. 




200 

A phenomenon, not less interesting and astonishing, is the ap- 
pearance of floating islands on this lake. These rise, at uncertain 
periods, from the bottom of the lake: sometimes one, and some- 
times two have arisen in a year ; and, at other times, several years 
may elapse without their appearance. Their time of remaining at the 
surface is also very i^ncertain ; some sinking again^ within twenty- 
four hours ; whilst others remain for six weeks, twq^onths, or even 
Jonger, btjfore they return to the bottom of the lake ; which they 
in general do without having suffered any change>]i;i their form : 
but sometimes they burst, and are so widely rent, that boats can 
pass between the separated parts. One rose in 1798, which was 
one hundred and eighty yards long, and fifty yards vsdde. They 
sometimes show above a foot high of land, out of the water; and 
some have been measured which have been seven yards in thickness. 
The upper part of these niassies, for about two feet in depth, is 
common mud ; beneath this it becomes less compact, and the re- 
maining part is found to be formed of decayed leaves and roots of 
plants and trees. 

A pole being passed three or four feet into them, a considerable 
quantity of air rushes out on its being withdrawn : this air smells 
like gunpowder ; and it is said that, if collected in a bottle, it will 
take fire if exposed to the flame of a candle*. ^ 

Tlie most prominent circumstances in the foregoing relation are, 
the matter of which these islands are chiefly composed ; the gaseous 
matter which is so plentifully liberated, from an opening made into 
its substance by means of a pole ; and the extraordinary impulse, 
and agitation by which the water of the lake is affected. These 
several circumstances we will therefore subject to a careful and 
impartial examination. 

All, except about two feet of the upper part, of these islands, 
appears to have been formed of the decayed leaves and roots of 

* Phil. Mag. No.XLn. 
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plants and trees ; and such we well know is the appearance which 
is yielded by peat in certain periods of its formation. Let us now 
suppose, that after some considerable time, and after having been 
covered by various strata, this peaty matter should be discovered ; 
it might then perhaps be found to be well-formed peat. Should 
also any favouring concurrence of circurhstances contribute to bring 
down the histflj^of a floating island having existed on this spot, 
the vegetables growing on this island might be supposed to have 
furnished this Vegetable matter, now existing in an altered state ; 
whereas we have seen that the greater part of this mass was com- 
posed of such matter, at the time it existed as a floating island. 

This mass, then, of decayed leaves and roots of plants, and of 
trees, as described by the ingenious observer, was undoubtedly a 
mass of long buried vegetable matter, part of a stratum of peat, 
passing through the bituminous fermentation. The opportunity of 
its separation having been given, by the superincumbent strata hav- 
ing been so reduced by the excavation which formed the lake, as 
not to leave a sufficient thickness and strength to resist the expan* 
sive powers of the detached gaseous matters, which, for the com- 
pletion of the process, would have required to have been closely 
confined. 

That this bituminous fermentation was actually going on may be 
reasonably inferred, from the nature of the gas which was expelled ; 
its peculiar odour, and its imputed inflammability, strongly denot- 
mg the presence of hydrogen ; the separation, and the subsequent 
fixation of which have berai assumed as important steps in this pro- 
cess. Another circumstance yields very strong collateral evidence, 
that this operation had proceeded to a certain length. The specific 
gi^vity of all bituminous substances is, generally, less than that of 
the vegetable matter firom which they have been formed ; this is 
most certainly the case, when wood has suffered this species of 
conversion. As this process has therefore gone on, the substance 
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lias become specifically lighter, and cavities have been formed bj^ 
and distended with, the detached hjpdrc^en, which must have isdso 
increased the levity of the mass, and enabled it, eveia with the 
superincumbent earth, to make its ascent through the water« 

It may also be remarked, that the eruption of these gaseous mat^ 
ters in considerable quantities is sufficient to account for the agita^ 
tion of the waters, and for the other phenomena wn|p ^ ddscribedf 
as appearing to have been produced by some powerful, elevating 
force, applied underneath. ' ^' j^ 

Dr. Plot, in his mention of the floating islands of Kinson Pool^ 
in Staffordshire, points out plainly the nature of thie substancea 
with which these floating islands are originally composed^. He says, 
^^ Of a kind of stringy bituminous eartii (roots and oilynubstanc^ 
being very buoyant) the floating islands, so much talked of a&d 
admired in many parts of the worid, are most certainly oiNiiKtitttted/ 
whereof there are two about twenty feet broad, but about tiiinbf or 
perhaps forty feet long, in Kinton Pool, whibh An. 1680, begaa^.m 
March, to move from under the hill, on the N.W. side of the fkxil, 
and came together,' like the simplegadaij first to the S.W. coamer^ 
where, after they had continued about three weeks, they began to 
move again, and were come in May (when I was there) to the S.E* 
comer, lying just in the passage of the water, out of the pool, to- 
wards the mill. I was also told of such in Aqualat Meer.'^ 

The only opinion we have now to examine is one which, if we 
only regard the abilities, and opportunities of observation, of its 
ingenious author, must claim otir serious attention. The hypothesis 
to which I allude is that of Dr. Anderson, than whom few have 
possessed greater opportunities of making observations on. this sub- 
stance, or have endeavoured with more zeal to employ those ob- 
servations for the public good. He candidly remarks, that, after 

* The Natural Hiitory of Staflfinrdshire, p. 1 14. 
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long and attentive observation, he has only been able to fix upon on^ 
fact respecting this subject, which seems to be incontestibly proven — 
that moss has been produced by a gradual accretion, and has not 
been created at the beginning of the world, in the state we now 
find it. 

Dissatisfied with previous hypotheses respecting the formation of 
peat-moss, pacticularly with that which supposes it to be entirely 
formed of wood ; that which supposes that there may be some kind 
of extracts from the wood, somewhat of the nature of tan, which, 
by thfe medium of water, preserves the fog or moss which grows 
among the decayed trees, and converts it into peat-moss ; as well as 
that which attributes its origin to a certain state of preservation of 
the sphagnum palwtre and some kinds of confervcBy the Doctor offers 
an hypothesis of his own. 

Can it be, he asks, that peat-moss, as we find it in its natural 
state, is, of itself, a vegetable production, not a congeries of dead 
plants preserved by some mystical influence, as has been generally 
supposed, hut actually alive^ and in the highest degree of perfection 
of which it ever is susceptible ? 

After considering this question with the greatest attention I am 
capable of bestowing upon it, I feel myself strongly inclined, the 
Doctor says, to answer in the affirmative, notwithstanding the re- 
luctance I felt at first to give into that opinion, on account of the 
singular appearance of this substance. In its analysis, recent qua- 
lities, decomposition, and final decay, ever}^ circumstance tends to 
point it out as a recent vegetable substance, possessing certain pro- 
perties of fresh vegetables, particularly inflammability in a high 
degree of perfection. Its appearance is indeed very unlike to those 
vegetable substances we have been used to observe, and more 
nearly resembles a mass of putrid vegetable matters than a real 
Kving substance. But were, the Doctor observes, appearances alone 
to be trusted in matters of this kind, many vegetables would bfrvie 
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been degraded from that class. The sponge^ growing in large irra-^ 
gular masses^ more resembles an aquatic excrescence, than a r^ular 
organised vegetable production. The truffle, which buries itself in 
the earth, and never appears at all above ground, would seem to 
rank rather in the fossil than in the vegetable kingdom. Several 
kinds of /fing^V^bich spring out from woundexL trees in irregular 
lumps, have infinitely more the appearance of a gummy concre- 
tion, hardened by the air, than of an organized vegetable. The 
licherij which spreads itself upon the surface of humble plants, bears 
such.an exact resemblance to fragments of decaying leather, scat- 
tered on- the ground, that it requires a near examination to satisfy 
an unskilful observer that it is not so. How different are all these 
from the sturdy tree whose roots strongly grasp the earth, and draw 
from thence abundant nourishment to support the stately pile which 
rears its lofty top in wild luxuriance to heaven ! Were general re- 
semblance alone to be relied upon, these very dissimilar substances 
could never be included in the same class. But the forms which 
heaven has pleased to impress upon organized matter are so in- 
finitely diversified, as to compel iis to have recourse to other 
more accurate means, than general appearances, for ascertaining 
the nature of these substances which attract our attention. But, 
from the foregoing observations^ it appears, the very criterion by 
which we can examine this substance^ its form and appearance alone 
excepted, proclaims it to be a recent vegetable substance^ and nothing 
else. Why then should we be startled at appearances in this in- 
stance, which we have been obliged to disregard in so many other 
cases of a similar kind ? 

Having now laid before you the Doctor's hypothesis, in his own 
words, I will in a summary way state to you the evidence which he 
adduces in support of it. The solid compact nature of the moss plants 
as the Doctor calls it, he thinks ought not to be allowed to make 
against his theory, since the diversities of plants, as to their modes 
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of growth, are so great, as to give us sufficient reason not to lliink 
of limiting the laws of nature in this respect. It iftrOertaln, that all 
mosses have been augmented by an increase of real quick moss^ 
since their first formation, lliis augmentation, the Doctor thinks, 
can have happened in no other way* than by its increase, in the 
manner of growing vegetables, from the time of its first germina- 
tion till the present hour. But what is the nature of the seed or 
sperm of this supposed moss plant; how it was first planted; in what 
manner. its increment has been effected; or how it should have been 
determined to grow in one place and not in another ; the Doctor 
acknowledges he cannot pretend to say. But from every considera- 
tion he thinks there is much reason to believe, that moss is, in effect, 
a vegetable matter sui generis^ which is produced in proper circum- 
stances, though we are as yet ignorant of what these circumstances 
are; and which continues to increase to an immense magnitude, 
and to live to an indefinite age ; and that in its progress it enve- 
lopes trees, and every other matter that comes in its way, which it 
either consumes or preserves, according as the peculiar nature of 
each are liable to be affected by its juices; preserving its own pro- 
pertji^s undimAished, as far as we yet know, until some part of it 
be cut off from the general mass ; after which, as has been said, it 
evidently ceases to live, and goes through the same process of de- 
composition and decay as every other vegetable substance. 

A similar opinion with this of Dr. Anderson's was entertained by 
Dr. Plot, who says, that the stringy roots that, together with the 
bitumen, make up the peats, do never flourish above the surface ; 
and if so, he says, I am confirmed in an opinion, that there are 
many subterraneous plants not noted, of which I intend a diligent 
inquiry*. 

Without trespassing upon your time with a regular discussion of 
the Doctor's hypothesis, I will only dwell for a little time on two 
or three circumstances which I think strongly oppose it. 

* The Natural Hktory o£ Oxfordshire, hy Dr. Plot, p. 16. 



^, Did peat ojve its formation to tbe supposed moss plant, we aliouki 
not expect to find it* as it often is found, aJUnost entirely composed 
of other species of vegetable matter. Indeed that which is here 
supposed to have originated, in one particular mode of vegetation^ 
appears to depend on a certain change which, affects vegetable 
matter in general ; but perhaps some parts of the vegetable^ftcrear^ 
tion more than others. Thus the confervcb and the mosses, and par^ 
ticularly the sphagnum palustre^ appear to be vegetables which are 
peculiarly calculated, to suffer a conversion into this kind of 
substance * 

The promptitude with which the species of plants^ .which I have 
just enumerated, appear to submit to this change, and their dispo- 
sition extensively to spread themselves, through every, interstice of 
such peat-bogs as they have possessed themselves of, may perhaps 
account, in a great measure, for that augmentation of peat mosses^ 
which the Doctor evidently considers as highly confirmatory of his 
opinion. The Doctor says, ^^ It is certain that all mosses have been 
augmented by an increase of real quick moss since their first foima>» 
tion. This augmentation,'" the Doctor says, ^^ can have happened 
in no other way than by its increase in the manner%f growing ve- 
getables, from the time of its first germination till the present hour." 

To prove that this augmentation is not of growing peatj but of 
vegetable matters under the influence of the common laws of vege- 
tation ; and, at the same time, to point out more clearly what seems 
to me to be the actual circumstance, which appeared to corroborate 
the Doctor's opinion, I must lay before you the account of this 
process, as delivered by an eye-witness. 

Dr. King, in a paper presented to the Dublin Society, says, " that 
Ireland doth abound in moss more than I believe any kingdom, 
insomuch that it is very troublesome, being apt to spoil fruit-trees 
and quicksets. — ^This moss is of divers kinds : that which grows in 
bogs is remarkable ; your light spongy turf is nothing but a con- 
geries of the threads of this moss, before it is sufficiently rotten 
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confused direction of its fibres (seen in Plate I. Fig. 2.) shews that^ 
by some process, they have been so much toftened, as to have easily' 
admitted a distortion from their natural direction ; whilst its che* 
mical properties sufficiently testify its bituminous nature. It appears 
to have been formed from vast deposits of wood, which have been 
so circumstanced, as to have undergone the bituminous fermenta- 
tion to a certain degree; but have not suffered a change sufficient to 
reduce it to a fluid bitumen. That a portion of it has undergone, 
even this change, may justly be inferred, from the actual presence of J 
bitumen in different parts of the mass ; as well as from Uie1bitumi« 
nous impregnation of the roof, which impregnation was most likely 
to have proceeded from-ihe absorption of the fluid bitumen, much 
of which, from its levity; would rise to the upper part of the closely 
pressed mass of bituminous wood. The flat shivery state of that 
which is termed the knotty-coalj as well as of that which is termed 
the board^oal^ seems to point out, that, after the bituminization had 
proceeded to a certain point, this substance had be^ deprived of 
its moisture; the state in which it is found being exactly that, in 
which wood, having suffered such a degree of bituminization, might 
be expected to be found, after having been permitted to become 
dry. Nor is it an objection of any force that it is now found in a 
moist state; since, supposing its exsiccation to have been once 
complete, and the fermentative operation quite stopped, no subse- 
quent addition of moisture could be expected to renew the fer- 
mentation, or to soften it so as to render it capable of uniting in a 
close mass. 

Yours* &c. 
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agree exactly in their nature is well known. Sen JifFerence, in- 
deed, exists in the purity of these products ; but the same peculiar 
foetid oil, and the same .volatile acid, which are yielded only by 
substances of this class, are produced in both cases. 

Equally powerful evidence appears to be deriv|ed^ ahoj from 
the fact of pure bitumen being found existing topper with.peat, 
in such a mode of combination, as will warrant the conclusion, that 
t^ie peat has partially passed into a more perfect state of bitumini^ 
«ition, so that a portion of it has become perfect bitumen. 

In some parts of Aberdeenshire, Dr. Anderson informs us, there 
is found a certain kind of peat-moss, which, when formed int6 peats 
in the common way, are found to be more tender and britUe than 
usual, so as to break down, during the process of drying, into irre- 
gular lumps, called clods. When one of these clods is thrown into 
Ihe fire, it soon kindles, and bums with a clear bright ftame, muck 
resembling that which would be produced by a lump of tallow at 
butter, in the same circumstances; these are therefore called cretshy^ 
1. e. greasy clods, though they discover no degree of unctuosity to 
the sight, or sniell, or feel. One of these clods continues to flame 
for a long time ; and the use that is made of them by the natives 
is to throw one clod into the fire at a time, for the purpose of giv*^ 
ing light, and another to supply its place when it is exhausted. 
This kind of peat, the Doctor acquaints us, is very rare. 

The increased degree of inflammability observed in the peat 
which is here described, can only be accounted for by the presence 
of bituminous oils ; as the clear bright flame, resembling that of 
a lump of tallow or butter, evidently points out. The presence of 
any unctuous matter does not indeed appear to be pointed out by 
any other sensible characters ; although, perhaps, even its separa- 
tion might be obtained by the adoption of proper means. 

Monardes, an old Spanish writer on medicine, says, that in 
Collao, a province of Peru, there is a tract where neither tree nor 
plant gro'virs, in consequence of the earth being of a bitumincms 
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nature. The Indians obtain from this earth a liquor, useful in 
curing many diseases. Their mode of obtaining it is this: — they 
cut the earth in turfs, which they dispose on poles, or thick reeds, 
in a place exposed to the sun, placing beneath them vessels fit to 
receive the fluid ; since the bitumen liquefies, and flows down by 
the heat of the sun. The turfs, which are thus deprived of their 
bituminous fluid, are afterwards employed as fuel. In this case, 
the connection between these two substances appears to be pointed 
out decidedly, unless it should be contended, that their existence 
thus together might be only accidental. The frequency, however, 
with which they are thus found together, the form which the bitu- 
men assumes, and indeed the manner in which it is blended with 
the peat or fossil wood, strongly declare that the existence of the 
bitumen depends on the same process as peat. 

Schoockius, as we have already seen, relates, that masses of bitu- 
men are frequently found among the peat ; sometimes resembling, 
in size and figure, walnuts, eggs, and pine nuts : and although he 
is obliged to acknowledge that undoubted pine nuts were also found 
in the same pits, yet these bituminous masses, found in the same 
pits with them, were so entirely bituminous, that he could not be- 
lieve them ever to have been any thing but a mineral production. 

Stettuto, describing the fossil wood of Umbria, mentions a white 
resinous substance, which was found along with it, and which bore 
the appearance of mastic or frankincense. 

Dr. Woodward also mentions, that, along with the hazel nuts and 
peat, dug up in the Isle of Wight, were pieces of wood, much im- 
paired and decayed, with some small quantities of a black bitumi- 
nous matter in its interstices. The t)octor also describes a resinous 
matter, which was found lying between the bark and the wood of 
some of the trees dug up in Wilmeslow marshes. They call it there, 
he informs us, frankincense*. 

* Vol.1. PartlL p. 18. 
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111 a considerable stratuiil 6^ fossit Wood, found by M, Fontaintf^ 
between tijons and Strasburgh, several of the pieces were found to 

M^^'\ be incrasted with a pretty considerable quantity of a substance,. 

' ^' which tie describes as resembling coarse and imperfect mastiCt 

mi;xed with other substances, and adhering so strongly to the wood, 

f^tj.^L' ^ ^^ ^^ ^^^J difficult of separation. Among the ifossil wood of 

• ^ Bovey, as well as among that of Munden, bitumen if also fre- 

quently foUhd. 

^ From the observations already adduced, sufficient surely ap^ 

pears to warrant the conclusion, that those substances, which are 
agreed by all to belong to the class of bitumens, are produced by 
a farther advance of the same process by which peat is formed^ 
By attending to the properties possessed by these substances, as- 
already described, it must occur to you^ that, although they are 
actually of a distinctly different nature, they approach very nearly, 
in their clieinical and physical qualities, to the vegetable oils and 
resins. 

A circumstance here offers itself to our contemplation, truly ad-- 
inirable and interesting^ A principle of action developes itself^. 
^ totally new to our observatibn, and almost beyond our powers of 
comprehension ; since it presents to us substances, formed merely 
by cj|emical action, emulating in their nature and appearance some 
of those substances which are only formed by the peculiar powers, 
resulting from organization. 

Thus, in the living vegetable, substances are formed, from taste- 
less and inodorous materials, by the energies of vegetable life, 
which not only strongly affect the senses of taste and smell, but 
differ essentially in their prbperties from the substances from which 
they have been formed. So the bituminous fermentation, imitating 
the result of the operation of secretion, forms, from a mass of dead 
vegetable matter, substances nearly resembling, in most of their 
properties, the vegetables oils and resinsy which perhaps may be 



ranked amongst the most highly elaborated products of the vege* 
table kingdom. 

Accustomed fo witness the production of these substances by the 
mysterious process of seci'etion, we find it difficult to conceive' 
their formation by any process, less complex than that which is per-^ 
formed by the appropriate energies of an organized body. Hence 
has arisen much of the difficulty which has occurred, whilst endea- 
vouring to' account for the formation of bitumen, whether solid op 
fluid. Despairing of ascertaining any particular points respecting 
its origin, chemists have, until lately; contented themselves with re^ 
garding it as a mineral production, elaborated in the defsp recesses 
of the earth, and, of course, in situations which yielded no hope of 
determining, on what circumstances and principles its formationr 
depended. 

Naphtha, petroleum, and asphaltum, have in general been con« 
sidered as substances entirely of mineral origin ; and hence the names 
they have obtained of mineral oil, mineral tar, andmineral pitch. 
The French chemists have generally adopted the opinion, that 
naphtha, and even the other fluid bitumens, are the produce of a 
distillation, effected by subterranean fires, by which the more subtil 
parts of certainiiijbituminous matters have been raised x>r sublimed ; 
these particles having been condensed into a fluid form, by the 
coldness of the cavities which exist in rocks, and in which they 
become accumulated. 

It undoubtedly may appear, at first view, the more easy and 
reiidy way to account for the formation of these matters, by sup- 
posing them to be the results of certain subterranean operations,, 
performed on substances which are natives of those regions; than 
to suppose them to be the results of natural chemical chaiiges, 
wrought on substances of the vegetable kingdom, by operations 
carried on in the mineral kingdom. But a discovery, made within 
a few years, requires to be particularly noticed here, since it can-; 
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not fail to illustrate that particular pointy wliicli attracts and moat 
deservedly claims our attention* 

The discovery to which I allude is one which plainly manifests, 
that, by the operations of natural chemistry, certain modifications 
of the principles of bodies take place, by which substances are 
formed, resembling, in a great measure, the highly elaborated se- 
cretions of an animal body. The illustrious Bacon had declared, 
that pieces of flesh might be converted to a fatty substance by the 
help of maceration in water. Fourcroy discovered, and his disco- 
very has been confirmed and illustrated by the observations and 
e^Eperiments of several learned and ingenious men in this country, 
that the muscular parts of animals, after being buried some time 
where water can have access to them, are changed into a peculiar 
fatty substance, nearly resembling, in many respects, spermaceti ; 
and to which substance he has given the name of adipocire. 
^ Thus we perceive that dead animal matter may, by a process 
carried on in the mineral kingdom, be converted to a totally difte- 
rent substance, and to one approximating^ in its appearance and 
nature, to another kind of animal matter, the product of a secre-* 
tory organization. To repeat the numerous experiments by which 
this has been fully ascertained, would be here out of place. The 
fact is incontrovertible, and confirms, by analogy, the opinion, 
that the organised matters of vegetables are likewise susceptible 
of a correspondent change, if placed under appropriate circum^ 
stances. 

Another substance, found among the peat, requires also to be 
spoken of, particularly in this place ; since it appears to me, that 
the ambiguity which obscures its origin is likely to be best 
removed, by the discovery to which I have just called your atten- 
tion. 

This substance has been hitherto called Mineral Tallow, and is 
thus spoken of by our justly celebrated mineralogist, Mr. Kirwan :^ 
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This is a substance very rarely met with, and therefore very im- 
perfectly knoTrn; it was first found by some peasants, on the coast 
of Finland, in the year 1736* Afterwards a similar substance oc- 
curred in one of the Swedish lakes; and, lastly, Mr. Herman, a 
physician at Strasburgh, discovered a similar substance in the 
•water of a fountain of that city> He describes it as being white, 
having nearly the resemblance of tallow ; feeling greasy, «ind stain*- 
ing paper, as tallow does. It flames, he observes, with much smoke, 
and leaves a pretty Mght^yokly matter. It is britde like tallow, but 
its specific gravity is considerably less*. 

Not unlike to the substance, thus described by Mr. Kirwan, is 
-that which Mr. Jameson speaks of as having been found in the 
peat-mosses of Scotland •f. 

A substance similar to that which is here described I have been 
shewn by Mr. Mawef, of Tavistock- street, in his excelleat oolkc^ 
tion of the bitumens of Derbyshire; in which place this specimen 
had been found. 

Humbold, in a letter to Van Mons:}:, mentions, that he had 
converted the phallus esculentus into a substance resembling tallow, 
by means of the sulphuric acid, and had also made soap of it. 
Hence Mr. Jameson is induced to ask — May not the mineral tallow 
of peat mosses be a species of fungus, altered by some natural 
operation similar to what we have here mentioned. 

The close resemblance which seems to subsist between this sub- 
stance and the adipocire, the want of proof of its vegetable origin, 
and the rarity of its occurrence, which indeed corresponds with 
that of animal matter in peat bogs, incline me to imagine that its 
'origin may be attributable to some animal remains, which chance 
lias deposited in these parts, and which, exposed to the action of 
water, has suflfered a change into adipocire. This opinion, I think, 

* Elements of Mineralogy, vol. ii. p. 47. + Mineralogy of the Shetland Isles, p, 156. 
X Annales de Cbymie, vol. xxU. p. 64. 
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is rather countenanced bj tlie instances whicK occur, in the writings 
tif those who have described the peat pits of various parts of the 
world, of the existence of animal remains in these subterranean 
situations. 

Thus Dr. Leigh^ in his History of Cheshire, relates, that hie saw, 
£ve yards witliin the marie, the skeleton of a buck> as standing 
upon his feet, with the horns on his head, which, the Doctor says, 
at the time of his writing, were preserved at EUels Grange, near 
Xancaster, He likewise infonns us, that eight yards within the 
marie, at Larbrick, near Preston, in Lancashire, the entire head of 
a stag, of an enormous size, was found. He also mentions, that 
the head of an hippopotamus was found under the moss in Laii^ 
cashire. 

Mr. A. de la Pryme says*, about fifty years ago, at the very bot- 
tom of a turf pit, was found a man lying at his length, with his 
head upon his arm, as in a common posture of sleep, whose skin 
being as it were tanned, by tlie More water, preserved his shape 
entire ; but within, his flesh, and most of his bones, were consumed 
and gone ; an ann of whom, Mr. de la Pryme adds, one of the 
.workmen cut off, and brought home to his master, which is now in 
the possession of my honoured friend Dr. Nat. Johnson. In the 
clay which lay over the peat, which was lately dug through, in 
forming the wet docks in the Isle of Dogs, the bones of horses and 
•oxen were also found. 

One more instance remains to be adduced of the formation of 
oily matter fromi substances possessing nothing of an oily nature, 
merely by the aid of a chemical process. In referring to this, I 
trust a fair opportunity will offer itself of determining whether the 
formation of naphtha, petroleum, amber, or, in a word, the bitu- 
onens, njay be attributed to a change induced in vegetable matter 

' * Philosoph. Trans, vol. xxii. 
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culiar properties. Should the ojjjgenued muriatic be the acid 
which is employed from the first, wi oily matter is generally the 
result of the distillation ; and if the acid be employed in a Isurge 
proportion, a white, opaque greasy substdncCf of the consistence of 
halt-melted tallow, will be formed. 

To enable you to judge of the propriety of considering the change 
thus produced as analogous with the bitumini^ation of vegetable 
matter, I will briefly state thq more generally received opinions* 
respecting the circumstances on which this conversion of alcohol 
into ether depends- Laudet and Dabit found, that the addition of 
oxygen was necessary to the formation of ether ; and they disco* 
vered, that by employing the oxide of manganese, with the sul- 
phuric acid, this acid was not decomposed, as would otherwise 
have been the case ; but, that the oxide was deprived of a part of 
its oscygen, and a greater quantity of ether than usual Was obtained; 
no gas coming over, and no chajrcoal being deposited during the 
distillation. They therefore concluded that ether contained a smaller 
proportion of hydrogen, and a greater proportion of oxygen and 
carbon, than alcohoL Fourcroy and Vauquetin, on the other hand, 
supposed ether to contain a greater proportion of hydrogen and 
oxygen, and a smaller proportion of carbon, than alcohol. Thus 
differing in their opinion as to the proportion of the. respective 
principles; but agreeing, that ether is a substance formed by a new 
combination of the same principles of which alcohol is composed, 
but in different proportions*. 

* May not the formation of ether be still better understood by adverting to one im- 
portant fact, that the solution of carbon in hydrogen is promoted by the presence of 
oxygen, as is the case in carburetted hydrogen gas? May not, therefore, the addition 
of the acid or the oxide to the alcohol, by furnishing an increased proportion of oxy- 
gen, enable the hydrogen to retain more of the carbon in solution, and thus produce 
an approximation to an oleous state ? In confirmation of this opinion, it is to be consi- 
dered that, by the addition of merely oxygenized muriatic gas to carburetted hydrogen 
gas, an oily fluid is formed ; and that by the employment of the same acid, in a more 
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Having thus furnished you with the particulars of that chemical 
process by which an oil is formed from substances which would not 
d priori have been expected to yield it, we will now endeavour to 
ascertain how fer this process resembles the presumed process of 
bituminization. In the first place, then, the substances acted upon, 
by the supposed bituminous fermentation, as well as by the vinous 
fermentation, are the same — dead vegetable matter. Secondly, as 
in the vinous fermentation, so in the bituminous fermentation, a 
peculiar acid and a peculiar combustible substance is formed; 
those of each process resembling each other in their component 
principles: this resemblance being particularly qlose between the 
combustible substances resulting from each process : each possess- 
ing a high degree of levity and inflammability ; each being formed 
of hydrogen combined with a large proportion of carbon and of 
oxygen, and each manifesting, that the principles of which they 
are composed are not in a wery intimate state of union. 

I am anxious, before I conclude this letter, to place before you 
some of the reasons which have induced me to suppose the ligneous 
substance to be that part of vegetables which is most particularly 
acted on, by the species of fermentation which I have assumed; 
as well as to point out to you a circumstance, which, in my opinion, 
yields strong, I had almost said internal, evidence of the necessity 
of such a species of fermentation. 

powerful manner, an actual tallow like grease is produced. Another consideration, 
which seems to corroborate this opinion, of the difierent steps of this progress to an ole- 
aginous state, depending on certain added proportions of carbon, combined with oxy* 
gen, is, that oil itself, the ultimatum of this process, holds so considerable a portion of 
carbon, that this principle constitutes a large proportion of every one of its products, 
which are carburetted hydrogen, carbonic acid, and charcoal; whilst the quantity of 
oxygen which it contains is also so great, that it manifests a degree of acidity, in a very 
short time, merely by the addition of what it attracts from the air. 
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^ So generally is the ligneous substance diffused, through the vege-- 
table system, as to render it, perhaps, the most abundant of the 
eompound constituents of vegetables. It not only forms alniost 
the whole of the bulk of the trunks and boughs of trees, and shells 
of fruits; but it also forms a great part of the husks, and lanugi- 
nous coverings of seeds, as ^vell as* of the epidermis of leaves, &;c* 
The quantity in Avhich it exists agrees therefore with the abundance 
of bitumen which seems to be yiehled by that species of fermen- 
tation, to which I have presumed that vegetables are subject ; and 
it is also worthy of notice, that the substances^ which have been 
juBt described, as containing a predominating proportion of the 
hgneous part, arc those substances which are most frequently found 
in a bituminous, or in a mineral state. 

The contemplation of nature teaches, that there exists a regular 
system of dissolution and renovation, through all her works ; and 
that there are certain laws, according to which substances are forced, 
to quit one form of existence, and take on another; their princi- 
ples entering into new combinations, and forming other substances 
equally necessary in the oeconomy of nature. Thus is constituted 
the never-ending chain of varying existences, in which, though each 
link differs from the rest, yet such is their symmetry and proportion, 
that they form a whole, in which beauty and utility are eminently 
conspicuous. But when we view the chemical history of the lig- 
neous matter of vegetables, a link appears to be lost, and the chain 
broken ; for whilst other substances yield either to the vinous, or 
to putrid fermentation, the ligneous, we are told, seems to resist all 
nature's efforts to force it into a new mode of existence. So in- 
tractable does it appear, that it is esteemed the most insoluble and 
unchangeable of all vegetable substances. If wood be exposed in 
a close vessel to the destructive action of fire, so little of the lig- 
neous substance is lost, that a charcoal is left which still retains 
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the form of the piece of wood it originally composed. This expe- 
riment serves also to shew that the ligneous substance contains 
the greatest quantity of carbon of any vegetable substance; and 
that it is therefore well fitted for the formation of substances, so 
abundant in carbon, as is coal, and every species of bitumen. Even 
the concurrent influence of air and water eflfects scarcely any 
change on it ; and it is said to resist, so absolutely, every known 
kind of fermentation, as to be supposed to be indestructible, except 
by insects. Reasoning, then, on the chemical nature of this sub« 
stance, we are led, by analogy, to conclude, that, as in every other 
case, so here, nature has appointed some agent, by which this ap- 
parently refractory substance shall be made to pass into new com- 
binations. Such an agent, the bituminous fermentation appears to 
be ; and every observation warrants the conclusion, that it is the 
ligneous part of vegetables which is the chief substance susceptible 
of this peculiar change. 

Yours, &c. 



LETTER XXII. 
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OF THE ORIGIN OF THE PURER BITUMENS....NAPHTHA....PETRO^ 
LEUM.... MINERAL TAR....MINERAL PITCH...- ASPHALTUM... •AMfc- 
BER....MELLITE....JBT AND CANNEL. COAL^ 

X HAT the purer bitumens have had the same origin as peat — that 
they have been produced from the same species of matter, and by 
the same natural process — ^and that they differ from it only in hav- 
ing been separated by percolatioa from the grosser pacts — seems to 
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be. proved, by the frequency with which they arc found together, 
but more particularly, by the exact agreement obsenraJble in tlieir 
chemical properties. lo perfect agreement with peat^ a& well as 
with, as we have just remarked, the products of the vinous fenuen* 
tat ion, the purer bitumens are composed of hydrogen, cairbmi, and 
oxygen ; but, as might have been expected from tiie circuMstances 
under which their formation has taken place, no escape of tbi^yoka- 
tile principles having been admitted, the new cMnponnd appettrs 
to be the result of a high degree of concentration of these prinei* 
pies, Tlie great degree of inflammability, possessed by all the 
bitumens, manifests the large quantity of hydrogen which they ^con-* 
tain ; and the blackening of the clear and colourless naphtha, oil 
exposure to the air and light, shews the hydrogen to be saturaled 
with carbon and oxygen; since, on the destruction of tlie equi- 
librium, by the escape of a portion of the hydrogen, of bj ffttt 
attraction of an additional portion of oxygen from the' air/ the car- 
bon and oxygen unite, and form the black oxide of carbon or char- 
coal, by which the fluid becomes gradually darkened : and, suffer* 
ing a proportionate degree of inspissation at the same time, it 
acquires the degree of consistence, as well as the colour, by which 
petroleum is characterised. It is easy to conceive, if the principle 
itself be admitted, on which I have stated the change of naphtha 
into PETROLEUM depends, that by its extension we may be enabled 
also to account for the gradual darkening and inspissation of 

PETROLEUM iuto MINERAL TAR ; this iutO MINERAL PITCH, Or 

maltha; and this again into asphaltum. 

Thus may the formation of the dark-coloured indurated bitu- 
mens proceed; but indurated bitumens are of different colours, 
from jet to light straw-coloured amber : to account for the va- 
riety in colour and transparency of the bitumens must therefore 
be attempted. The colouring of naphtha, as has been just ob- 
served, depends on an increase of the relative proportion of carbon 
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and oxygen, manifested by the deposition of the oxide of carbon 
or charcoal ; the inspissation of the fluid going on at the same time. 
But the depositicm of the charcoal may take place in various de- 
grees, according to the circumstances, under which the inspissation 
takes place. Thus, on the one hand, whilst the naphtha retains its 
primitive subterranean situation, it may come in contact with the 
sulphuric acid, which would readily yield its oxygen to the carbon, 
and at once give it darkness of colour ; but, on the other hand, in 
a situation where no excess of oxygen is present, the more fluid 
parts of the bitumen 'may gradually exhale, without its under- 
going any decomposition, or alteration, in the original proportion 
of its principles; and thus may the lighter coloured and harder 
bitumen be produced. 

I cannot quit this subject, without pointing out the great obli- 
gations which the lovers of chemistry owe to Mr. Hatchett, for his 
ingenious observations on the nature of bitumens, and of the 
changes which they undergo. The opinion which I have above 
adopted, respecting the deposition of carbon, and the consequent 
disposition to blackness, in petroleum, asphaltuin, &c. originated 
with that gentleman, and is thus most concisely and happily ex- 
pcessed by him. *^ The progressive changes of naphtha into petit)-^ 
leum, mineral tar, mineral pitch, and asphaltum, appear to be 
caused by the gradual dissipation of part of the hydrogen of the 
bitumen, and the consequent developement or disengagement of 
carbon. Hence, I am inclined to believe, arise the changes, of 
colour, the degrees of inspissation, and the increased proportion 
of carbon, found in those substances by chemical analysis^. I would 
be understood, however, to mean that the carbon is only relatively 
increased, in respect to the other ingredients, in a given quantity 
of these bitumens, and that it predominates in proportion to the 
dissipation of a certain portion of the hydrogen, which was origi* 
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nail J necessary to the forming of the bitumen in conjunction with 
the carbon*/' 

The origin of amber, the next bituminous substance which de- 
mands our attention, is an enigma, the solution of which appears 
to be fraught with considerable difficulties. The analysis of this 
substance, as has been already seen, manifests plainly that it pos- 
sesses, in every respect, the chemical properties of bitumen. Am- 
ber, exposed to the 6 re, liquefies if the heat be strong ; softening 
and bubbling, without running into drops; which circumstance 
distinguishes it trom the resins. When inflamed, it diffuses a thick 
smoke, with a pungent odour* Its flame is yellow, but variegated 
with blue and green. It leaves, after combustion, a black shining 
coal, which yields by incineration a very small quantity of earth, 
mixed with a very slight proportion of iron. From these proper- 
ties we should therefore be led, without the least hesitation, to seek 
for its fannation in the subterranean laboratory of nature ; but for 
its bearing accidental, but unequivocal marks, of having existed, 
during some of the stages of the process, by which it has been 
formed, either actually on, or very near to, the surface of the earth. 

Naturalists have by no means agreed in their opinions respecting 
the origin of this substance, I'heophrastus speaks of amber as a 
stone, dug out of the earth in Liguria, and which possesses a power 
of attraction. Sir John Hill, in his notes on this passage, gives it as 
h^s opinion that it is, as he says the best of the modern writers seem 
Cjertain of its being, a mere native fossil -f. Dioscorides thought it to 
b^ an exudation from the black poplar. Pliny, who particularly no- 
ticed this substance, supposed it to have run from the trunks of trees, 
resembliiig pines, in the same manner as rosin is known to flow from 
the pines, and gum from the cherry-trees ; and hence he imagined that 

* PhilosophicalJournal, vol, ii. p. 20*3. 

t Theophrastus on Stones, translated by John Hill, M. D. p. 133. 
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^ Hl'*^ fcre sometimes six feet in diameter, and inhabit the old pine forests; 

which forests, or at least the spots where 'they have been, are, he 
»ays, the places where the amber is chiefly found. His conjecture 
is founded on a substance having been founa in the nests of these 
insects, of the consistence of honey, or of half melted wax ; hav- 
ing the yellow colour of common amb^r, yielding the same pro- 
ducts by chemical analysis, and acquiring the same degree of 
hardness by remaining some time in a solution of common salt. It 
appears, from his observations, therefore, that we should consider 
amber as a vegetable oil, rendered concrete by the acid of the ants; 
fiince wax, according to the experiments of La MQtheriei is vege* 
table oil hardened by the acid of the bee. 

But the circumstance, perhaps, which adduces the most {lowerful 
arguments against this substance being of animal origin, and also 
against its being intirely of a vegetable nature, i» its being found 
in such large quantities at a considerable depth in the earth. From 
the account of Junker, which was afterwards copied by Neuman ; 
and from that which is delivered by Hoffman, we learn that the 
king of Prussia gave orders that search should be made for the 
subterranean beds of this substance. Directed, most probably, 
by those marks which point out a spot particularly rich in bitumen, 
and which are very frequently observable in that part of the world, 
the required examination was commenced. After getting through 
the ordinary superficial stratum, they found a bed of sand, beneath 
which was a stratum of clay. On digging through this, a stratum 
appeared, which seemed to be formed of wood, very old and de- 
cayed, but which very readily took fire. This stratum of bitumi- 
nous wood they generally found immediately over a stratum of 
pyrites, which yielded sulphate of iron very copiously; immedi- 
ately below this was found a stratum of sand, the real matrix of 
the amber, in which this bitumen was most plentifully found, scat- 
tered in small pieces, and sometimes even accumulated in heaps. 
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HofTman supposes the amber here to have been fonned by the oil 
of the wood flowing from subterranean heat, like the oil of petro- 
leum, and passing thipugh the bed of pyrites, which lay under- 
neath, thus becoming' inipregnated with the acid of the vitriol, 
and thereby obtaining its peculiar nature and appearance. 

The opinion of Neuman very nearly agreed with that of Hoff- 
man, he supposing the aniber to be formed by the combination of 
the oil of petroleum with a fine earth held in solution by the acid 
of vitriol. 

The frequent existence of small insects, and of vegetable matters, 
in the midst of its masses, presents a considerable difficulty to 
those who consider it entirely as a mineral production^ Breynius, 
however, in the- paper already mentioned, remarks that the pre- 
sence of these foreign matters is not inconsistent with the idea of 
its subterranean formation ; he observing that many insects pene-* 
trate' beneath the surface of the earth, to deposit their eggs, to 
change their skin, or to relinquish life ; and that vegetable matters 
are also carried berifeath the surface by various insects, who thus 
retire into the earth. But when it is considered that iivsects make 
their way but a little depth below the surface, and that the amber 
is found at considerable depths, there seems but very little proba- 
bility that these substances had become imprisoned in this wayl 
Besides, the substance which appears to be the most common matrix 
of amber, is bituminous wood, and very unlikely to be thus visited, 
it being a circumstance deserving of notice, not only in reference 
to this particular circumstance, but as an important general fact, 
that bituminous impregnations are so unfriendly to animal life, 
that no living creature has ever been found in peat, or in any other 
stratum of the bituminous kind. 

This particular circumstance has been remarked by several of 
the most intelligent writers on the history of these substances. 
Nor do I know of any contradiction to their observation, except 
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ia a wlitary ftn4 vefy nnomalous cifcumstwjqe related by Lord 
Cromartie, in the Philosophical Transactions*. By his lordship's 
account we learn, that in a moss near the town of EgUn in Murray, 
though there is n6 river or water which communicates with the moss, 
yet for three or four feet of depth in the moss there are little shell- 
^h, resembling oysters, with living fish in them, in great <iaantities, 
though no such fish are found in the adjacent rivers, nor even in 
the water-pits in the moss, but only in the solid substence of the 
moss. Dr. Darwin considers this as a curious fact, which not only 
accounts for the shells which are sometimes found on the suriace 
of coals, and in the clay above them, but also for the thin stratum 
of shells which sometimes exists over iron ore. 

The presence of light vegetable matters, and of «maU insects^ 
such as flies, certainly, at the first thought, appears to yield in- 
disputable evidence of the truth of that opinion' whidi supposes 
amber to have originally been the'' gum or resin of a tree; and 
which, whilst adhering to the tree, had thus caught these substances, 
which a continued efiusion of the same matter had thus involved. 
But supposing this to have been the case, and that this substance 
had become buried in the earth, still its bituminous nature remains 
to be accounted for. It once indeed appeared to me as far from 
impossible, that the vegetable gums or resins inclosed in the mass 
of vegetable matters passing into the state of bitumen, might with 
them be pervaded by the fermentative influence ; and, as actually 
happens with other vegetable matters, lose little if any of their 
original form and appearance. But maturer consideration has 
shewn, that the opinion of the learned annotator on the works of 
Pliny is that which best accords with all those phenomena, which 
appear so contradictory, if regarded in any other point of view. 

The opinion of Mr. Dalechamp, as we have already seen, is, that 

* Pliilosophical Transactions, N* 330. 
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amber- is a bitttminous substance, whidbf exuding in a soft and 
nearly fluid state, from clefts in the earth where bituminous strata 
exist, has, during its soft and tenacious state, inviscated and 
enveloped these different extraneous bodies. Against this opinion 
there does not exist any objection, since it is not at all difficult 
to conceive that amber may be the solid form which the trans* 
parent fluid naphtha assumes from inspbsation under certain cir« 
cumstances, as asphaltum may be considered to be the result of a 
similar change effected on petroleum. 

It is true that I have considered it as probable that petroleum, 
an opaque and dark-coloured substance, is naphtha changed by 
having suffered a degree of inspissation ; it may therefore appear 
contradictory to suppose a transparent substance like amber to be 
likewise the result of the inspissation of naphtha. But, as has been 
already remarked with respect to the probable change of naphtha 
into petroleum, the change is not effected merely by inspissation, 
but by a separation and a change in the proportion of the consti- 
tuent principles, hydrogen having escaped and charcoal having 
been deposited. But most certainly there is nothing to contradict 
the supposition that naphtha is also susceptible of a simple evapo- 
ration, and consequent inspissation, similar to that which the fixed 
oils undergo, in consequence of the long«continued application of 
a gentle heat. 

If amber were gum or resin which has undergone the change of 
bitumini^ation, the matters which it contains should certainly also 
have suffered a similar change. In the few pieces in my own pos- 
session, as well as in all others which I have seen, except in one 
instance, \fhich I shall presently notice, the insects appear not to 
have suffered the least change, even in their colours, which surely 
must have taken place, had they been macerating in the softened 
mass which contains them, during the change it has undergone ; 
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although by the difference of their nature they might be entirely 
exempt from the other effects of the bituminizating process. 

In one specimen^ which I possess^ containing vegetable matters, 
the little fragments of moss, and the other particles which are so 
small as not to furnish the means of judging to what plants, or 
even to what parts of plants, they belong, do not appear to have 
suffered the least change, nor to have made the least approach to 
transparency^ excepting one or two pieces, in which it may be 
readily accounted for, by theii extreme thinness and natural prone* 
Bess to pellucidness^ they appearing, when examined by the aid of 
a lens, very much to resemble in their structure apiece of straw. 
Not having suffered i that change, which this hypothesis supposes 
the containing mass to have ;undergone, it seems fair to xcmclude, 
that these matters must. have been introduced after this particular 
process^ had been accomplished in the amber itself, and are there* 
fpre.preserved, Uke the insects, in the s^me state as when first en« 
tombed« f , - i 

^ .Xet us not refuse insjtruction whenever it is offered to us, and 
especially when, by duly attending to it, we may escape the sus- 
pended lash, necessarily held in readiness to x^heck the prompt and 
presumptive theorist. The specimen of amber to which I have 
alluded, besides substances decidedly vegetable, and othere too 
equivocal to determine whether they are parts of vegetables or of 
insects, contains two flies. One of these appears to be in as per- 
fect a state of preservation as when living ; the legs being collected 
nearly in a point, and stretched to their length, as though the 
flowing bitumen had secured the imprisonment of the little captive, 
during its active exertions to raise himself from the treacherous 
surface. The other, on the contrary, appears to have lost its na- 
tural colours, and possesses very nearly tlie transparency, which is 
very considerable, of the amber itself; as if it had undergone a 
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similar change with the substance which contains it. If it had 
been a leaf instead of a fly, what would have become of our pro* 
posed hypothesis ? — But might it not have been only the thin and 
wasted remains of a dead fly, the transparency of which has been 
increased by its becoming filled by the bright and clear bitumen ? 

Having hazarded the conjecture that amber has existed, as a bi- 
tumen in a fluid state, and that the foreign substances it contains 
were introduced in it whilst it was in that state, it may be expected 
that some instances should be adduced of its having been found in 
an intermediate state between that of fluidity and that in which 
it is supposed constantly to exist. 

But it must be considered that the characteristic physical properties 
of amber, such as yielding a peculiar odour, and becoming attractive 
by friction, depend on its indurated state, and must therefore be 
sought for in vain, in an inferior state of inspissation. To ascer- 
tain, with precision, therefore, from what species of liquid bitumen 
it is derived, may be impossible; since we are reduced, whilst seek- 
ing for the analogous fluid bitumen, to trace it by the aid only 
of such physical properties as colour, degree of transparency, &c. 
which are common to both states. By these marks, perhaps, if the 
substances had been examined with a view to that inquiry, some 
analogy might have been discovered between amber and those bitu- 
minous masses found by Stelluto, and those said to resemble mastich 
and frankincense, which are described by Dr. Woodward and Mons. 
Fontaine, and which were found even incorporated with fossil wood, 
with which substance, we have already seen, amber is found gene- 
rally associated. Were such specimens again to be found, it would 
be, certainly, highly desirable to ascertain whether, by continued 
exposure to a slightly increased degree of temperature, or by long 
keeping, it would acquire the hardness and other properties of amber. 

A specimen of bitumen from Castleton, in Derbyshire, irfwdfe I 
possess through the kindness of Mr. Mawe9, shews that faituaifiiiv ini 
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a soft state, may possess tlie colour as well as the transparency of 
amber. It exists in a piece of lime-stone, to which it adheres very 
closely. Its transparency is almost that of the clearest amber^ and 
the colour, which is most generally difl used through it, is of a deep- 
jsh yellow, Just such as would be conceived from the tenb amber* 
yellow, being tinged also in diflerent parts with a brownish red. 
Its degree of softness is such, that it yields ta the slightest pres- 
sure, recovering itself, however, on the removal of the pressw^, 
with such a degree of elasticity, as undoubtedly aUthorisies the 
placing it among the elastic bitumens. 

The elastic bitumens, as we learn by the observatioiis of Mr. 
Hatchett, may, by being melted, be deprived of their elasticity, 
and thus might the specimen here alluded to be reduced to the 
more common state of bitumens; and probably, ,by a weU-ma* 
naged inspissation, might be made to assume a solid form, without 
its transparency or colour being at all thereby impaired. In tlus 
state, it would undoubtedly become attractive by friction ; which 
property, taken in conjunction with its colour and transparency, 
would necessarily render its resemblance to amber very close. 

By what has been here said, I do not^ however, by any means, 
intend to imply that such a substance would be actually amber; 
since, perhaps, the formation of amber may depend on peculiar 
circumstances attendant on its inspissation ; and most particularly 
on some peculiar modification of the oxygen contained in the bi- 
tumen from wluch it may proceed. 

Within these few years a substance has been found among the 
bituminous wood of Thuringia, which has been named, from its 
colour, HONEY-STONE (honigsteiu) by Mr. Weraer, and mellite 
by other naturalists. It is of rather a dark honey colour, and, from 
its resembling amber also in colour, it has been thought to be that 
substance in another form. It is usually crystallized in small octa- 
hedra, the angles of which are frequently truncated, and some- 
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times eurvilinearly. Sometimes its crystals aiedodecahedral, and 
approaching to the rhomboidal. Its hardness is such as yields 
easily to the knife, its transparency considerable, its fracture con- 
choidal, and its specific gravity 1.666. Like amber, its crystals 
become electric by friction, but not unless previously insulated. 
It is insoluble in water, and therefore communicates no taste to it. 
Being heated in a retort, it is decomposed, and yields a bituminous 
and -empyreumatic water, carbonic acid, and a concrete volatile 
salt ; a carbonaceous residuum being left. When placed on burn- 
ing charcoal, or in a heated crucible, it bums like combustible 
vegetable matter ; leaving a greyish white matter, which has all the 
characters of alumine, mixed with a small portion of lime. This 
substance, therefore, appears to be composed of alumine, bitumen, 
a small portion of lime, and a peculiar acid, which resembles in 
many of its properties the oxalic acid, but difiers from it materiaUy 
in others. This acid is decomposed very speedily by heat, *evapo- 
rating in a dense smoke; and by distillation yields a considerable 
quantity of carbonic acid. When the constituent parts of this 
substance are considered, with the situation in which it is found, 
and the substances with which it is associated, there can be but 
little hesitation in admitting it to be produced by the subterranean 
decomposition of vegetable matter, and therefore to belong to that 
class of natural productions of which we are here treating. The 
appearance which this substance presents may be pretty correctly 
known by reference to the representation of it, Plate I. Fig. 2. 

The bituminous nature of jet is indisputable, it bfeing plainly 
evinced both by its chemical and physical properties. Indeed it 
often manifests so exact a resemblance, in every respect, except in 
its colour, to amber, as to have occasioned it to be named, as has 
been already remarked, black amber. The blackness which distin* 
guishes it has never yet been satisfactorily accounted for, and in- 
deed offers to our consideration a question difficult of solution. 

u H 
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The leained Wallerius and the celebrated Fourcroy have contented 
themselves with considering jet merely as indurated asphaltum; 
whilst others have been satisfied with describing it, with coal, as 
bitumen, altered by exposure to the action of certain mineral acids. 
Mr. Hatchett, indeed, in that most valuable paper to which I have 
already referred, is much more ^plicit in his account of this sub- 
stance, and, indeed, makes the only near approach towards explain- 
ing the cause* of its blackness. I am inclined, he says, to believe, 
that it is neither asphaltum nor coal, but an intermediate substance, 
which may be regarded as the first gradation from the simple bitu- 
men into those which are compound.. The matter of asphaltum 
undoubtedly enters injU> it in a large proportion, and has conse- 
quently stamped several of its characters upon it; but 4;he increase 
of carbon, and of the extranfix^us or earthy matter^ which is inti-. 
idately mixed, or rather combined with it, has. had so much influ- 
ence, that the characters of coal are also in some measure apparent, 
and are rendered the more striking by the similarity of xrertain local 
circumstances which attend these two substances*. 

Whilst endeavouring to account for the darkening of petroleum, 
I supposed it probable, that the dark matter was formed by the 
abstraction of a portion of hydrogen, occasioning a proportionate 
deposition of charcoal, formed by the union of so much carbon 
and oxygen, as had been thus deserted ; and that the colour would 
vary with the degree to which this process accompanied that of 
inspissation. By the extension of this principle, I think the black- 
ness of jet may be also accounted for, supposing that, during the 
inspissation of the bitumen, circumstances the most favourable to 
the fonnation, and the separation of the charcoal, must have oc- 
curred. The bitumen might have existed in the neighbourhood of 
substances possessing a high degree of attraction for hydrogen ; 

* PhilosophicalJournal, vol. ii. p. 204. 
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whilst the sulphuric acid, so frequent in the bowels of the earth, 
might be ready to yield an additional dose of oxygen. It is in 
confirmation of this opinion that we learn, from the accounts of 
almost every one who has described the subterranean situations in 
which this substance has been found, that it is accompanied by 
pyrites; a combination of sulphur with metal, each of these sub- 
stances existing in such a state of puriiy, as tp evince a^ complete 
abstraction of any portion of oxygen, witji which they might have 
been combined. Might not the grand agent of this important 
change have been a metallic solution in the sulphuric acid ? In 
consequence of this being blended with the bitumen, decomposi- 
tion of both substances must ensue : the oxygen of the sulphuric 
acid would combine with the carbon contained in the bitumen, 
forming the charcoal, or oxide of carbon, from which it derives its 
colour; whilst the sulphur, deserted by the oxygen, enters into union 
with the metal, which has also, iii the same manner, suffered a 
complete deprivation of its oxygen. 

Jet, then, I conclude to be a bituminous substance, containing 
a considerable proportion . of the black oxide of carbon, or char- 
coal : its levity, its conchoidal fracture, and its glassy lustre, exist- 
ing in proportion to its freedom from any extraneous intermixture, 
and to the quantity of unchanged bitumen it still retains. 
. That jet is a pure bitumen, differing from amber, only in its hav- 
ing undergone some process by which its colour has been changed, 
will appear still more probable from the fc^lowing relation of the 
learned Dalecamp, in his annotations on the Natural History of 
Pliny '^. " I have,'' he says, " a piece of jet, which, beyond all 
doubt, has been digested for many ages in th^ bowds of the earth. 
It was dug out of the quarries near Narbonne : one half of it is 
black, and the other yellow, resembling amber/' 

* C. Plinii Secundi Histori® Mundi, lib. xxxvii. Colonix AUobrogam, 1615. lib. xxxni- 
p. 733. 
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Having ventured to assume that jet is bitunien changed by a 
particular process ; it may be expected, that as bitumen appears in 
different forms, so should jet r-^-^and this is the case. According to 
the form of the substance from which the bitumen derived its ori- 
gin, will, frequently, be' the form in whith the jet appears. If the 
jet has proceeded from a piece of detached bitumen, which had 
attained a state of softness approaching even to fluidity, such as 
that in which amber must, at one period, have existed; its surface, 
and the whole of its external form, will yield an appearance plainly 
declaratory of the very soft state in which it has existed. 

But should it have originally been wood, which during its bitu- 
miniz^tion had made but little approach to liquefaction, the fibrous 
texture of the wood may perhaps be still discernible. This indeed 
frecftiently happens; and sometimes the external part will display, 
not merely the texture, but the general form, and even the colour, 
of wood. A specimen of this kind is depicted, Plate I. Fig. 4. 
On the flat^ surface of this specimen the fibrous texture of the wood 
appears exceedingly well marked ; whilst, at the end, the conchoi- 
dal fracture, the jet black, and the glassy lustre, sufficiently evince 
its bituminous nature. 

Jet has obtained a distinction, among collectors, into English or 
foreign; they being guided, in making this distinction, merely by its 
weight. Thus that which swims on water they describe as English, 
but that which is heavier they suppose to be foreign. The grounds 
of this distinction are,*^ that the pieces of jet found on the English 
shores are thus light, whilst the handsomer specimens brought from 
France and Prussia are more ponderous : the fact, however, is, that 
the pieces of jet found on our shores are also foreign ; and, having 
been detached from the strata of the opposite shores, have, in con- 
sequence of their lightness, floated here on the waves of the sea. 

The transition of jet into cannel coal is frequently very diffi- 
cult of detection ; the difference between the two substances seem- 
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ing to depend entirely on the quantity of foreign earthy matters 
which have been introduced into the fluid bitumen. When these 
are absent, or exist in but very small quantities, the bituminous 
mass very readily manifests electric properties, and its levity is such 
as to allow it to swim on water : in this state the term jet appears 
to be most applicable to it. But when the specific gravity of the 
mass is considerable, and it does not readily become attractive by 
friction, it may be suspected to contain a large portion of extra- 
neous matters, and will more'properly be termed cannel coal. 

Another mark of distinction between jet and cannel coal, is one 
which perfectly accords with the opinion which I have offered re- 
specting their formation. Jet, which is pure bituminized vegetable 
matter, sometimes, as has been already remarked, displays not 
only the general form, but the texture and colour, of wood, maoi*- 
festing that it is purely bituminized wood, some parts of which, 
and these generally the cortical, having resisted the influence of 
the fermentation more than that part which is more generally con- 
sidered as wood. . But in cannel coal, which has been in so fluid 
a state, as to have admitted the intermixture of earthy matters, 
seldom any thing oS this kind appears. Impressions^ of various 
vegetable substances ar^ indeed often displayed on its surface, 
possessing such a degree of correctness and sharpness, as plainly 
to evince its having been in a very .soft state when the impressing, 
substance was applied to it; but. these extend no deeper than the 
surface, its substance or texture seldom pointing out the substance 
from which it originated. Representations of the appearances 
which thus offer themselves to oiir view you will see depicted, 
Plate I. Fig. 6 & 7. 

Yours, &c. 
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LETTER XXIII. 

OPINIONS RESPECTING THE PORMATION OP COAL....EARTU IM- 
PREGNATED WITH PETROLEUM, THE OPINION OF BUFFON AND 
GENSANNE....OPINION OP SIGN. ARDUINO....OP DR. HUTTON 
AND PROFESSOR PLA YFAIR....OF MR. WILLIAMS.. ..OF MONS. 
TINGRy....OF DR. DARWIN....OF Mlk. KIRWAN....OF MR. HATCH- 
ETT....OF MONS. PATRIN....OF MONS. FOURCROY. 

JVmong the humiliating proofs of our limited powers of inquiry, 
there are few which are more striking, than that which is manifested 
)iy the inefBciencj of, our investigations relative to coal. R^pect- 
ing the origin of this substance, so plentifully bestowed on ^os for 
our daily use; and consequently continually subjected to the im- 
mediate examination c^ our senses, the most widely different opi- 
nions have been held ; and by those, too, who have been the most 
competent to form a proper judgment. Even with that theory 
which has been the latest promulgated, by a gentleman whose ex* 
traordinary knowledge in mineralogy and chemistry stamps a high 
degree of authority on every opinion he adopts, I am under the 
necessity of expressing my dissatisfaction. 

This circumstance is the more unpleasant, since the observations 
which led to the objections to this ingenious theory, have also led 
to the adoption of an hypothesis, which, although sufficiently se- 
ductive to hold my judgment captive, may be found, by the more 
discerning, to possess much less probability than those opinions to 
which it is opposed. To enable you to form a judgment on this 
subject, I shall proceed to place before you those opinions which 
have been most generally adopted, and such objections as seem to 
affect their validity. 



239 

The specific gravity and hardness of some species of coal, have 
procured coal in general to be distinguished, by some, by the term 
of stone-coal. Struck by the predominance of these qualities, and 
perceiving also the great quantity of bituminous matter contained 
in coal, this substance has been considered, by some chemists of 
considerable knowledge and abilities, as being an earth, or rather 
a stone of the argillaceous genus, which has become impregnated 
with petroleum. The impropriety of thus considering it must, how- 
ever, at once appear, when rt is recollected^ that chemical exami- 
nation has shewn, that, in common coal, the proportion of earth, 
to that of carbonaceous and bituminous matters, is so very trifling, 
as seldom to exceed a thirtieth part of the mass. 

In spme instances, indeed, such as the slaty cannel coal, from 
Ayrshire, in. Scotland, analysed by Mr. Kir wan, and the stony coal 
of Macinaia, the analysis of which has been given by Signor Ea- 
broni, the earthy parts have amounted to a fifth, and even on» half 
of the whole mass. But these are substances which deviate so 
much from the characters of coal, as not to be admissible into th6 
same class with it, but should be rather considered as varieties of 
slate, lime-stone, &c. 

Others have J>een of opinion, that coal is entirely of marine 
origin ; and formed by the fat, and various unctuous matters, which 
have proceeded from the innumerably tribes of animals which have 
peopled the ocean. This mass of matter is supposed to have accu- 
mulated, and at last to have beoonae covered by various strata, in 
consequence of the diflferent changes which the surface of the earth, 
and the receptacles of the waters of this globe, have experienced. 
To shew the improbability of this hypothesis, it is, perhaps, suffi- 
cient to remark, that the levity of such substances ;^could never . 
admit of their accumulation at the bottom of the sea, which^ ac- 
cording to the principles of this theory, must be ^supposed-^" 
taken place. 
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Dr. UuttoB ingenioufily labcwired to establish his hypothesis of 
the suecessiott of worlds by a system lof revolutions, occurring at 
r^ular periods, each successive period of exist^ice being, accord- 
•fig to our measurement of time5 of indefinite duration^ leaving us 
no vestige of a beginning, — ^nor prospect of an end* > Agreeable to 
•this hypothesis, the Doctor inxagined that cod is formed by the 
tlofw deposition of oily and bituminous matters at the bottom. of 
the sea. Tliese bituminous and oily matters he supposes to have 
originated in the dissolution of the -various animal and vegetable 
bodies, which are contiouaXly perishing on the surface of Ihe earth, 
and in the waters of the ocean. The fuliginous matter which is 
separated during tl»e combustion of various bodies 4m the surface 
of the earth, he supposed is washed, off the surfaces^cin which it 
falls, by the rain^. and, being thus made to flow into tbe jrivers is 
carried by them into the^a; whfiie it also adds^ by its ideposition, 
to tlie mass which is accumulating at ita bottom* . Anothei: source 
from which he supposea^this matter to be derived^ is the moss-water, 
or the water which drains from peat-mosses. This moss-»irater, the 
Doctor says, leaves, upon evaporation, a bituminous substance, 
which very much resembles fossil coal ; and, as the continued action 
of the sun and atmosphere upon this oily substance tends, by in- 
spissation, to make it more and more dense or bituminous, he, 
^erefore, sees no difficulty in supposing a continual separation of 
this bituminous matter, or inspissated oil, from the water; and a 
. precipitation of it to the bottom of the sea, along with the subtle 
earthy particles which the water also contains. These he supposed 
to aubside together in an uniform manner, producing a stratified 
mass, which, becoming covered by an immense weight of super- 
incumbent earth, must have been thereby exceedingly compressed 
and condensed, and finally consolidated, by the powerful influence 
of subterranean heat. 

Waving, as foreign to the immediate object of our inquiry, any 
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obsenrations on Dr. Hutton^s general geological system, I shall 
only here remark," that his particular theory, respecting the forma- 
tion of coal, is exposed to the same insuperable objection, as was 
offered against the hypothesis just noticed, that of making sub- 
stances of much less specific gravity than water, sink through that 
fluid. Can any interaiixture with impalpable earthy matters, which 
the Doctor supposes to take place during their subsidence, pos- 
sibly authorize the supposition that light bituminous, or fuliginous 
matters, or vegetable or animal oils, coujd subside through the 
waters of the ocean, so as to form this extraordinary subaqueous 
stratum of fossil coal ? f • 

The opinions of Dr. Hutton have been combated by several inge- 
nious Mrriters ; but those which respect the origin of coal have been 
attacked by no one more successfully than by Mr. Williams, in his 
History of the Mineral Kingdom. This gentleman, possessing a 
very considerable degree of knowledge on this subject, the result of 
actual observation, and confining himself to those inferences which 
seemed necessarily to flow from the phenomena which he remarked, 
concluded that the antediluvian timber was the original of our pre- 
sent coal. This conclusion he was led to make, from having ob- 
served the form, grain, and texture of timber so frequently in coal. 
He observes, that wood is the^ origin of coal is so plain and evident 
a truth, that we can almost trace and point out the particular spe- 
cies of wood which composed particular species of coal^. He more 
particularly^ iUivers his opinion in another place, where he says, 
*^ I am of opinion that the antediluvian timber floated upon the 
cliaos, or waters of the deluge, until the strata of the highest moun- 
tains were formed, with much of the other strata in our sight; and 
that during the height of the deluge, and the time in which the 
greatest part of the strata were forming, the timber was preparing, 

* History of the Mineral Kingdom, vol. i. p. 251. 
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Mil^tted) for being deponted. in strata of coal ; and that th^ coals* 
<#kdi their concbnutant strata, were among the. last that were foroH^ 
But 'how, and by what metms, every thing in this great work was 
fitted, aad carried on, belongs to higher wisdom and intelligence 
than mine to explain*." 

I will beg leave, Mr. Williams saysf, ffto propose another pro^ 
bable soBTor of coal. I belieye, I may call it a reajL«neu .and that 
is the antediluvian peat-bog." The grounds pn which Mr.WiUiaais 
Ibnued this opinion wece, • the having^ seea coals, idiich. seemed to 
tH)ar a very -strong resemblanoe^ to peat; and, on the. other hand, 
Ifftat, which, on being dried, became yearly as blacky, and aa hard 
^icba). The particiriar reas(»is Mr. Williams employsifor t|iis latt^ 
opinion^ 1 shall •at present defer* since they will appeariAen I shall 
ie^fi^ imyumn eonjectviies <M IIms subject. Petroleum, Mr. Wilfiams 
Is, howe««r, coovincedv is not atall e<moenied in the fonnatiaigu.fif 
voal^i altixAigh hfe acknowledges that some species of peteol^nm 
nfty'have»«iarieiatiofitoeoal. '— ^ 

' -It is r^t to apprise you, that not only has the coanreinon of 
pettolettm into cOal been thus^ strenuously opposed, but 6iat the 
d^VBition of petroleum itself from vegetable matter is also denied, 
llie learned Wallerius strongly objects against such an origin; 
grounding his objections chiefly on it differing so much in its sen- 
sible, as well as chemical qualities, from vegetable matter. He is 
tlife more con6rmed in his opinion, from the petroleum being found 
incldsed in mountains, and in subterranean cavities, ^ere no traces 
<^ dEicayed vegetables are to be seen, and from the result of its 
analj^s being so very different from any vegetable matter. Consi- 
dering also, that there is no reason to suppose that nature is less 
dii^posed to form an oil in the mineral kingdom, than in any of the 
others, he concludes that naphtha is generated from a most subtile 

* History of the Mineral Kingdom, vol. ii. p. 212. t W- vol. ii. p. 194. 
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inflammable mineral matter, combined with water by the medium 
of an acid. Petroleum he supposed to be formed by the addition 
of a calcareous earth to the naphtha, dissolved and retained by 
its acid part. From the farther combination with earth he sup- 
posed that maltha was produced; and by the exsiccation oi^ this, 
asphaltum. vii:. 

Monsieur Tingry, in his observations on some extraneous frasils 
of Switzerland*, considers the detritus of organised bodies, buried 
in the earth, to be the true matrix of the different liquid and 
solid bitumens ; believing that these organized bodies are made 
to assume those characters which distinguish them, more or less, 
from the substances from which they originated, by the influence 
ahne of mineral vapour$'\. He supposes the different states of 
hardness, tenacity, or fluidity, which characterise coals,, maltha, 
petroleum, &c. to be entirely the consequence of spontaneous de- 
compositions, and new combinations, effected by mtnerai ^opbtirf, 
and particularly by a certain quantity of water. These substances 
he supposes to thus undergd, during the revolution of ages, and in 
the silence of nature, an analysis similar to that which takes place 
in closed vessels: becoming heated in consequence of theuur.dow 
debbmpbsitlons, and new combinations; and thus being resolved 
into ch^coaly, which frequently manifests the entire fonn^.orat 
least the characteristic marks, of organized bodies^, lliis bpera- 
lion he supposes is, beyond doubt, accelerated by the presenoe of 
certain mines of iron ; since he observes that Derbyshire ^rnishes 
a mixture of iron and manganese, which takes fire spontaneously 
bii-tjeing moistened with linseed oil. Subterranean fires, he there- 
fore conjectures, may be produced by the mixture of oil of petFo* 
leum, with a similar ore of iron with that just mentioned* 

^ Transactions of the LinDsoan Societyi vol. i. p. 57. f Id. p. 59. % Id. p. 60. 
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II is reasonable to conjecture, he thinks, that the remains of 
T^etables, accumulated in large heaps, and exposed to the effects 
ortho?*e particular (^ombiriations which occasion the heatof certain 

mineral waters^ or to the lotiucucc of volcanic fires, may have un- 
dergone a real distillation ; and that the substances thus formed, 
meeting with water which impeded their farther decomposition, 
have been canied to the surface of the earth, and appear there 
under the form of naphtha, &e. Under other circumstaiices, he 
conceives, that these same oils, thus detached bj distiHation from 
the wood, have filtered insensibly into the beds of sand and clay^ 
and tlius have produced the fonnation uf coa] and bituminous 
schisti ; whilst, under other circumstances, these oils, accumulated 
in the interior cavities of the earth, have assumed the consistence 
which we observe in mineral pitch- 

To the opinion of Mons. Tingry, respecting the gradual decom* 
position of vegetable matter, I ccrtainl}^ cannot object; but later 
observations, and particularly those of Mr. Hatchett, have clearly 
demonstrated, that, however difficult it may be to account for the 
diflerent states, in which the bitumens are found to exist, the action 
of subterraneous fires, and the operation of distillation, cannot have 
been the agents which have occasioned those varieties, in the forms 
under which these substances appear to us. It may be proper to 
remark, with respect to this supposed influence of subterranean 
fires, that Dr: Button, and many of the French chemists, have 
adopted the same idea, and to as considerable an extent. 

Dr. Darwin was of opinion, that morasses seem to have under- 
gone a fermentation ; but that the formation of coal dependa^^ a 
distillation similar to that which is supposed by Dr. Hutton. The 
Doctor says, that " woods in uncultivated countries have grown 
and fallen through many ages, whence morasses of immense extent;*' 
or, as he beauifully expresses it, in his charming poem. 
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those of the same denomination now contain, since their disinte* 
gmlion took place at so early a period/* 

On this supposition, Mr* Kirwan proceeds to say, ** I think the 
formation of coal-mines, and most of the circumstances attending 
them^ may naturally be accounted for. 

" And, first, as to the seams of coal themselves^ and their at- 
tendant strata; they must have resulted from the equable dif- 
fusion of the disintegrated particles of the primitive mountains, 
successively carried down by the gentle trickling of the numerous 
rills that flowed from those mountains, and in many cases more 
widely diffused by more copious streams. By this decomposition, 
the felspar and horn blend were converted into clay; the bitumi- 
nous particles, thus set free, reunited, and were absorbed, partly 
by the argil, but chiefly by the carbonaceous matter with which 
they have evidently the greatest affinity ; since they are separable 
by boiling Avater from the former, and scarcely, by the strongest 
heat in close vessels, from the latter ; and even in an open fire, only 
by a heat much superior to that of boiling water. The carbonic 
and biturninous particles, thus united, being difficultly niiscible 
with water, and specifically heavier, sunk through the moist, pulpy, 
incoherent, argillaceous masses, and formed the lowest stratum, 
unless in cases where their proportion to the argillaceous particles 
was so small, that the latter had subsided and coalesced, before 
the former could have been reunited ; in that case the clayey par- 
ticles formed the lower stratum of indurated clay. But if the 
petrol were in the greatest proportion, it frequently sunk first, in 
the form of a soft bitumen, carrying with it the clay, and forming 
beds of shale, or bituminous shale, according to its proportion. 
By oxygenation it becomes specifically heavier than water*/* 

To attempt to overthrow opinions erected on so broad a b&sis^ as 
the vast portion of chemical and mineralogical knowledge which 

* Geological Essays, p. 330 
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Mr. Kirwan possesses, cannot but, at first sight, appear to be an act 
too presumptive to promise the least success. But when even the 
most wise and intelligent loosen the reins, and lessen those restraints 
which their judgment, in general, places on their imagination, he 
who first notices any unwarrantable deviation from established 
principles may, without fearing censure for his interference, bdidly 
venture to point it out. 

But, indeed, the disposition of the. various substances, of which 
the earth is composed, yields us so little satisfactory information; 
and the data we thus obtain are so few, and so unconnected, as to 
render the aid of conjecture indispensably necessary. Hence, on 
the subject of the fomiation of this globe, and of the various revo^ 
lutions it has suffered, the wisest men have formed the most extra- 
ordinary and romantic conclusions. Nor can this occasion surprise, 
when it is considered, that to point out the operations of natute, 
by which the various substances which constitute the earth obtained 
their present figure and arrangement, is, in fact, an attempt to form 
a history of the most remote periods, with the scantiest stock of ma- 
terials possible. In such a performance, success cannot frequently 
be expected ; it must resemble the bold sketch of a master, who, 
whilst depicting scenes which have originated in his own rich fancy, 
strives, but, perhaps, ineffectually, so to correct them by his judg- 
ment, as to make them accord exactly with nature. To approach 
near to the completion of such an undertaking requires a consi- 
derable portion of genius, the efforts of which must be directed by 
a mature and correct judgment ; but very inferior abilities indeed 
may be sufficient to enable any one to point out an instance or two 
of disagreement between the conjectures which are offered, and the 
circumstances they are intended to explain. This I shall therefore 
attempt. 

In the hypothesis of Mr, Kirwan, the most obvious diflSiculty 
seems to be in admitting the subsidence of so light a substance as 
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bitumeD, through the waters of the oceafi. la ne^ form, either solid 
or fluid, <lo we know of the exist^ce of aa^ piur^ bituminaua oMntteo^ 
er ei^n^ when combined, with- oxygen, wktckii^i&ot of coondleraibfe 
less specific gravity than waterj and consequently^ as Mi^jKirwft» 
himself observes, c^ the nnctuosUji of ^nartne animabiJfl^hUsil ^xn^ 
minitig the theory of itlae celebrated Arduiao^riitcsbi^uld^xadiinc^^loaty 
than sink in the sea. Nor do^s even the c(HiiiiiniktiOik^£ eaAMomn 
ceous matters witibi the bitumen removertbis diffiaultyjL }Mr.Ku0fak 
supposes the carbonaceous as well as the bituniiiioufj particles to 
be separated by the disintegration of the antediluvian mountains ; 
and then to enter into reunion , and suffer a precipitation through 
the water* Such a combination I have endeavoured to prove is 
constantly taking place, in every case where the thickenhig of the 
substance, and the darkening of the colour, of any bituminous^ 
substance is going on. llnis, in consequence of the addition of 
oxygen to the thin and limpid naphtha^ a combination of that 
principle with the carbon ensues ; charcoal or oxide of carbon is 
tbrmed, and the fluid becomes tliicker and darker, assuming tlie 
form of petroleum. By a continuance of this process, these effects 
are produced in a still higher degree, aod the hard, dark bitunen,^ 
asphaltum, or the still more highly carbonaceous bitumen jet, is 
formed. But every one of these substances, we perceive, are of such 
a degree of specific gravity, as, when pure, to be constantly found 
to swim on water. The possibihty, therefore, of substances, of this 
nature, sinking through the moist, pulpy, incoherent, argillaceous 
mass, as Mr. Kirwan describes it, certainly does not appear ; nei- 
ther could it possibly be admitted, even if such a subsidence were 
granted, that such materials should form, as Mr. Kirwan also con- 
jectures, the lowest stratum. 

Whilst on this subject, I must make one more observation, which 
appears to me very forcibly to contradict this supposition of the 
formation of coal by deposition. The specific gravity of the sub- 



849 

stances forming the roof of coal, constantly exceeds in a very high 
degree that of the bituminous mass they cover; they containing 
very frequently so much metallic matter as to render them exceed- 
ingly ponderous. Now the disintegration, of which Mr. Kirwah 
speaks, he supposes to have been so complete, as to have converted 
the hard and close-grained horablend and felspar into clay. By so 
minute a disintegration, the bituminous particles must have been 
set free ; and must have risen to the surface, with as great a degree 
of rapidity, as the earthy and metallic particles would have sought 
the bottom. But, on the supposition of Mr. Kirwan, the bitumi>- 
nous and carbonaceous, the earthy and the metallic particles, be- 
ing all suspended in the same fluid, a deposition of the oxygenized 
carbon and bitumen first takes place, and this is succeeded by the 
descent of the earthy, and of the still more ponderous metallic 
particles. : 

It appears equally difficult to conceive the formation of beds of 
shale, by the subsidence of bitumen. If, sajrs Mr. Kirwan, the pe- 
trol were in the greatest proportion, it frequently mnkjint^ in the 
form of a soft Utumenj carrying mth it the clajfj and forming beds 
of shale, or bituminous shale, according to its proportion. Consi- 
dering this- position, with all that care and deference, which a dis- 
sent from the opinions of so justly celebrated a chemist ought to 
excite, I still am unable to discover, how the effects, here described^ 
could possib]iy result from such a combination of circumstances, 
as those to which they are thus ascribed. 

Mr. Hatchett, whose most valuable observations on the bitumens 
have very much facilitated our inquiries, into the nature and origin 
of these substances, is very decidedly of opinion that coal, as w;eU 
as the other bitumens, are of vegetable origin ; although he does 
not deny the possible intermixture of animal matters. But we shall 
soon have occasion to advert more fully to these observations, to 

K K 
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%liich the prdgfeis x»f tiiB sdea^idVt^idiiistff, «^ to the knowledge 
tjf the nature of these 8Tib8teiioct,»^o^efeiiide^ »'^ '• 

Mods. Plitnn states, that Tolcandes throir'ilp large qcOmtCties of 
intummous and aigUlaceoiis matten; wid he derites the-^ttgiii<flf 
cool from this sotioe : supposing that ^dMl, aiid its Interpdsed beids 
of stone; hsve'beett deposited bjr dw alternate e|eeti!6n of hilanien, 
■nd'of eaMiy matters, fitom rabmdkrine vokanoes. How^ hi^ say^, 
can it be supposed, that coal can hare been fomied %ota tege- 
tabies, when considerable beds exist mt the height of twebe thou- 
sand fbet ill tbe (hrdiUem of Pfeitt, and at more tiMn ste thousand 
Ibet in height on the Dauphinese Alps ; where, he iddl^ these beds 
baive been deposited^ at a time wben vegetables did not jet exist, 
and when lie waters covered Uie whcde surfoce of 4tiiM '^obe; How 
otherwise, he adcs, can we account for' the regular* ^slt^niate beds 
of coal and layers of stone ; such as, for example, are -seen .in tiie 
colliery at Lie^, where there are SQEty*one beds of cMI^= tfteiint- 
i]^ with as many layers of stone, of a v-ast thidmess*'. - 

Tbe latest writer of oeld[>rity on this subject is Moos. Fourcroy, 
who, speaking of the origin of this substance, says, t^e greater part 
of naturalists consider coal as the product of 1^ remains of wood, 
which has been sunk, and afterwards changed by the water, and by 
the salts of the sea. Coal, he observes, seems to owe its formation 
to\he decomposition of an immense quantity of marine and terres- 
trial vegetables, and to the separation of their oil, which becomes 
united to the aluminous and calcareous earth. It cannot be denied, 
he remarks, that animal matters also enter into its composition, 
and afterwards observes that a considerable quantity of anmionia 
is jrielded by the distillation of coal, which favours the opinion of 
its animal origin, since bodies belonging to this class of compound 
substances always yield ammonia during their distillation -f. 

* See article Ho'otlle, Dictionnaire d'Histoire Naturelle. 

t Systeme des Connoissances Chymiques, torn. viii. p. 241 & 244. 
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Evident indecision is. ob8erya|i>]e in .the statement of the forego* 
ing opinion, respecting the. .formation of coal ; doubtlessly arising 
from Mons. Fourcroy's disposition to countenance the idea of ani- 
mal bodies having contributed greatly, and perhaps even more 
than vegetables, to the formatioii of some kind^ of bitumen. Want 
of that precision, which, in general, marks the observations of this 
celebrated chemist, is also discovemble in the explanation he offers 
of this process of nature. 

The supposition of the separation of oil from the mass of decom- 
posing vegetables is not sufficiently supported by the facts which 
manifest diemselves, during the resolution of vegetable matters, to 
allow it to form the basis of a system, intended to explain this 
mysterious operation. For if such a separation of the vegetable 
oils were even admitted, could the quantity of a principle which 
vegetables, in general, possess so sparingly, be considered as suffi- 
cient to account for the inmiense masses in which this substance is 
known to exist ? 

Yours, &c. 



LETTER XXIV. 

ENQUIRY ESSPfiCTINO TH£ ORIGIN OF COAL C0NTINU£D..«;HT* 
POTH£«IS PROPOSBD....ltO«AIC ACCOUNT OF THE DELUGE.... 
OBJECTIONS AGAINST....UNIVERSALITY OF THE DELUGE.... 
CHANGES THUS EFFECT£D...«VEGETABLE MATTER DISPOSED IN 
SITUATIONS IN WHICH COAL NOW EXISTS* 

I HAVE been highly entertained by a letter from our friend Winton^ 
in consequence of your having shewn him my account of the va- 
rious systems respecting the formati<m of coal. Indeed his remarks 
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ore so just, and bis satire so pointed, as to give me some appre- 
hension for the fate of my present letter, when subjected to his 
criticistu and keen raillery. He reminds me of Dr. llalley's con- 
jecture, that the world on which we dwell may have another habit- 
able world within it, to which may be attached a system of sub- 
ten-anean kiminaries> resembling those which yield light to our 
upper ivorld, but necessarily moving within a smaller sphere*. He 
sareastically asks, whether our volcanoes are any thing but tlie 
grand outlets of the furnaces, and our veins of bitumen any thing 
more than the elogged-up chimoies of this inner world ? The dread 
of criticism must not, however, deter me^I have engaged myself 
to the work, and therefore must not shrink. 

Having laid before yon the several opinions which have been 
published, respecting the formation of coal, and having found my- 
self under the necessity of stating my suspicion of their insuffi- 
ciency, to account satisiactorily for the origin of tliis substance, it 
becomes a duty to offer any observations, which may seem to be 
likely, in the leaat, to elucidate a subject involved in so much mys- 
tery. But be assured that, whilst doing this, I am not ignorant of 
the dimculties which surround me ; nor, knowing how considerable 
these are, do I presumptuously expect to etablish an impregnable 
system. On the contrary, I fear, that many unforeseen, and pow- 
erful objections may arise, against opinions thus hazarded, on a 
question which has been left in a great measure undecided, after 
careful discuarion, by men of eminent abilities. If, on the one 
hand, I experience the mortification of differing from opinions 
which have been generally received ; it is, on the other hand, highly 
satisfactory to know, that this difference is so httle, as in some in- 
stances, to consist merely in an extension, and in others, in Uttle 
more tlian a modification, of those opinions. Thus the explana- 

* Miscellanea Curiosa, p. 43. 
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» of the vegetable syslem, yield the strongest grounds of belief, that 

4ie «»i<li, in ito atttedil^man state^ was most^ptentifttlly stocked 

"^^ ' ifitll* pl&Rts and trees of every kind and siae. The einplajiuBirt 

^ #Mck watf iiUotted to Adai% ibr ^^ the Lord "God took tha many 

^ * and put him into the> garden iaf E4en td diess 41 and to keai>^ it •i-^ 

iM ihar^xttasite space whieh this gar^ is implied to fill, fi»r 

^ oiit t>f the grotnd (of Has garden) made «*ie,Lord G«d to gfoir 

ever^ tree that is pleasant to the sight, and good for food/' as well 

as the general scenery, and the most prominent circumstances in 

this history of the first man, all concur to shew, that the mandate 

of the Creator was, in this resi>ect, completely fulfilled, and that 

** the earth brought forth grass and herb, yielding seed after its 

kind, and the tree yielding fruit, ^diose seed was in itself, after his 

kindf," 

Agreeable to the same sacred tmdition, the earth was peopled 
from a single pair; and, from various particulars which appear in 
the history of their iimnediate descendants, we may perceive, that 
the arts which they possessed, and the kind of life which they led, 
accorded with those which the historians of later times have shewn to 
r^ ^ have been adopted by the aboriginal inhabitants of every country. 

Their dress was simple ; and their employments, that of keeping of 
cattle, and of tilling the ground, were those of man in his rudest 
and most uncivilized state. 

After a certain period, seven generations from Adam, we are told 
the arts of civil life began to appear. " Jabal was the father of 
. such as dwell in tents, and of such as have cattle — ^Jubal was the 
father of such as handle the harp and organ — and Tubal Cain was 
the instructor of every artificer in brass and ironj/^ Whether 
this relation is to be taken literally, and that these arts were actu- 
ally invented during the eighth generation of mankind, or whetiier 

* Genesis ii. 15. f Genesis i. 12. X Genesis v. 
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wbom may be mentioned the Right Rev. Bishop of Clogher, have 
Im^Ded, that the deluge should not be considered as having 
covered the whole face of the earth. His Lordship was of opinion, 
that some parts of the then habitable world, which by the force of 
the deluge were separated into islands, and were divided from the 
continent whereon the ark landed, were in some sort exempted 
from the common calamity, brought on the rest of the world by 
the deluge; inasmuch, his Lordship says, as the continent of Ame- 
rica, and many islands in the East Indies, are at present partly 
inhabited by wild beasts and noxious animals, which it is not rea- 
sonable to imagine, that any body could, or would, have imported 
thither since that time*. 

To account for this particular circumstance, may not, perhaps, 
be very easy ; but, however, it is not nece^ary to be done, in 
proving the prevalence of the deluge over every part of the known 
world ; since testimonies sufficient to this fact, are yielded by those 
wondertully preserved remains of former ages, which form the ge- 
neral subject of these inquiries, and which have been discovered in 
almost every part of the known world. Even the very spots which 
were thus pointed out, by his Lordship, as having been exempted 
from the fate of the rest of the world, contain the most astonishing 
and interesting remains of organized beings ; at once proving that 
the waters of the deluge did cover the whole earth, and leading «|^ 
to regard the globe we inhabit as one vast tomb of a former world. 

Assuming it then as proved that the deluge did overwhelm the 
whole of this globe, it next becomes necessary; to inquire what 
changes were probably thus effected. Very different opinions have 
been maintained respecting the degree of change which took place 
on the earth, in consequence of the deluge. Some have supposed 
that the change was but slight and superficial, affecting the upper 

* Vindication of the Histories of the Old and New Testament, p. 171, 



358 

may be coududed, were covered with ' their appfQpriate tribfiiiiQjfi^ 
trees and plants. Assuming these for the g^aiieFalities of tlu; CAf^V 
external form^ it is evident that the waters^ whether supfdiediiligr 
the rain alone, or by other sources, as seems to be implied l^ the 
breaking up of the fountains of the great deep, must necevanly 
have first filled the lower parts of the earth. -When it attained a 
greater height, then must this powerful element have niihed .iiL 
torrents from valley to valley, breaking dawn, or. surmoiintrng, 
every intervening obstacle; and laying prostrate the laat iorcBtm 
with which the surface was every where clothed. Of the tseea thm 
overthrown, the lowest stratum of vegetable matter would he 
formed, which would. soon become buried beneath the sediment^ 
which would be continually depositing from the superiBCumbonf 
waters, loaded with every species of earthy^ and even min^al ma^ 
ters, with which they would be impregnated by the eflfects.oC a|ii 
alluviation more powerful than we can possibly conceive* !n 

,As the volume of the water increased, the sides of the monntaiat 
would become subjected to the violence of its action. The loots of 
the trees, which grew on their sides, would become loosenedt aii4 
the trees themselves, and the earth in which they had grown^ widi 
the various other vegetables which had been generated and nou-r . 
rished in the same matrix, would fall into the flood, and form a 
fresh strata of vegetable matter. Thus would a mass of vegetable 
matter, immense beyond conception, become subjected to the do- 
mination of this powerful element. These several strata of vc^je- 
table matter would become covered by sti*ata of earth formed by 
the gradual deposition of ponderous, but minutely divided partir 
cles, which would soon form a covering so compact, as would l» 
able considerably to resist the ordinary fluctuation of the water* 
Similar alternating strata, constituted by the successive subsidence 
of masses of vegetable matter, and of finely divided particles of 
earth, may be supposed to be thus continually forming imtil the 
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waters had covered the topsf of the high hills. Thus may, perhaps, 
be explained the situation of distinct veins of coal, separated by 
stony, strata ; all, perhaps, the work of deposition. 

From what cause it proceeded, it will, perhaps, be impossible 
ever to determine ; but there is certainly reason to believe, that the 
waters of the deluge possessed a very considerable solvent power 
over even those earths which we consider as most untractable. 
From the intermixture and crystallization of these proceeded those 
siliceous and spathous veins which alternate with and intersect the 
various strata which form that part of the earth which has been 
subjected to our examination. 

Not only the form, but the substance, of the surface of the 
newly-formed post-diluvian world must have differed very much 
from that which existed before the flood : vast and innumerable 
must have been the chAnges, whicii it must have undergone, before 
the respective situations of the waters, and of the dry land, could 
have even made an approach to stability. From the violent action 
of the waters at the period of their first effusion over the earth, 
as well as during their residence and their departure, the continu- 
ity of the earth must have been broken in many places ; necks of 
land must have been left, forming, according to circumstances, 
isthmuses/ or promontories; vast masses of earth, considerably un- 
dermined, would remain on the superior parts, and on the declivi- 
ties of mountains ; and, as vegetation would doubtlessly be rapidly 
renewed, wherever the earth became uncovered from the waters, 
these projecting parts would soon be covered by the verdure of 
various vegetables. But the newly-formed surface would, perhaps, 
for a considerable period, be continually undergoing a change of 
its form : the waters, urged by violent tempests, and agitated by 
receiving the immense fragments of falling mountains, might sepa- 
rate those necks of land of which we have just spoken, and which 
its slower action had been continually reducing : the divulsed partis 
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of which, with the vegetation they bore, would smk in the waf enr 
of the ocean. Thus also, by the force of tempestuous winds, ttid 
even by the gradual influence of the weather, large projecting and 
dependent portions of mountains, with their newly-produced fbrestSy 
would frequently be sinking in the surrounding waters. Thus would 
additional layers of vegetable, and of earthy matters, be repeatedly 
formed over those strata of vegetables which had been overthrown 
by the first violence of the deluge. 

As when the greater part of the waters of the deluge had drained 
o£r, and when the surface of the globe again became divided into 
water and dry land, the lower and more excavated parts would 
necessarily retain the water for a long time ; thus, as weU as the 
rivers and seas, would immense lakes be formed. In these lakes 
would the numerous tribe of aquatic plants flourish, which, as the 
waters at last subsided, would tover the bottoms of these hc^owft 
with a mass of vegetable matter, covered by a deep coat of earthy 
deposition; which, drying gradually, would secure the subjacent 
stratum from the action of the air. From the numerous revolutions 
which the newly-formed earth would be destined for a time to 
undergo, many of these hollows might be again filled with water. 
Adjoining lakes might burst through their interposed mounds, and 
thus refill them; or, among the mountains which helped to form^ 
the basons of these lakes, some which had been weakened in theiff 
bases, by the previous action of the waters, might now become 
more effectually undermined, and might fall into the lake beneath, 
and thus force the water beyond its newly-established limits. In 
new lakes, thus formed in the cavities of previously existing ones, 
aquatic vegetation would again go on, whilst a compact stratum 
from the subsidence of the suspended earth would form at the 
bottom ; and when the waters themselves had drained away, a fresh 
deposit of vegetable matter would be formed, which would, like 
the former, become covered with a stratum of mud, capable of 
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acquiring, as in the former instance, a considerable degree of hard- 
ness. 

Such of the vegetable matters, as might float on the last re- 
maining waters of the deluge, might be washed into other hollows 
of less depth, and, becoming only covered with a moderately 
thick coat, would become peat bogs; and, if left for a long 
series of time totally undisturbed, would, perhaps, form lakes of 
petroleum, similar to that which now exists in the island of Trini- 
dad, a description of which has been already given in the Four- 
teenth Letter. 

When the different facts are considered, which have been already 
related, respecting the situation of coal, and of the various strata 
which are interposed between its several beds; and which have evi- 
dently been produced by gradual deposition in water, I trust that 
no glaring incongruity will appear, in the opinion, that vegetable 
matter of the antediluvian world might be disposed^ by the water* 
of the deluge, in all those situations in which we now find coal. 

Yours, &c. 



LETTER XXV. 

INQUIRY WHETHER THE VEGETABLE MATTER WAS DEPOSITED 
AT THE DELUGE UNDER CIRCUMSTANCES FAVOURABLE TO ITS 
CONVERSION TO COAL.. ..BITUMEN ALONE NOT FITTED FOR 
FUEL,. ..OTHER MATTERS NECESSARY TO BE ADDED. ...PECULIAR 
ARRANGEMENT OF THE PARTICLES. 

X H E next question which demands consideration is, whether such 
an arrangement of the materials of the flooded surface of the ante- 
diluvian world, as has been assumed in my last Letter, would be 
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likely to promote such chemical changes, in the strata of vegetable 
matter, as would effect its conversion into coal ? This we will there* 
fore now inquire into. 

That vegetable substances placed in a mass, in a subterranean 
i*h;uation, will, with the aid of moisture, or, perhaps, with only that 
which they themselves contain, pass into a peculiar fermentation, 
and become thereby converted into bitumen, has been already 
asserted ih a former OLetter* ; to ivhioh I must now tefer you, for 
those arguments, which appear to me, to be best calculated to sup- 
port that opinion. Your attention must here, however, be requested 
to one additional consideration ; which will serve, Very probably, 
, to corroborate the application of that hypothesis to the |>resent 
subject, the origin of coal. 

In the. promulgation of that hypothesis you perceived, that the 
circumstance, on which the bituminizating process was supiwaed 
essentially to depend, was the seclusion of the vegetdble matter, 
from the atmospheric air. According to the accuracy with which 
this part of the process was performed, it necessarily follows, would 
be the approach to a state of perfection, in the product of the ope- 
ration. Now, by a slight revision of what has been said, in the 
Letter immediately preceding this, you will not fail to perceive, 
that whilst endeavouring to ascertain the most probable mode, in 
which the vegetable matter of the antediluvian world was disposed, 
there appears great reason to suppose, that the disposition of it 
must have been such, as Avould most certainly secure the comple- 
tion of the assumed process. 

Buried in a considerable mass, — thoroughly imbued with water, 
and covered over with dense, compact strata of earth, its seclusion 
from the atmospheric air must have been very accurate ; and tak- 
ing it for granted, that the change it was to undergo Avould much 

* Letter XVIII. 
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depend on this circumstance, then we have every right to conclude, 
that its conversion into bitumen would be produced most certainly 
and effectually. 

In another Letter*, I have also endeavoured to make it appear,, 
that the darkness of colour of some of the bitumens, from the brown 
of petroleum to the black of jet, proceeds from the saturation of 
the carbon, one of the constituent principles of bitumen, with oxy- 
gen. On this point, I can be able to add but little to what I have 
there attempted to establish. To one circumstance only I have to 
attract your attention, which is, that, during the formation of coal, 
the bitumen is thoroughly pervaded by other substances, impreg- 
nated with ogygen ; and from which, by superior power of attrac- 
tion, the carbon is able to detach it, and then engage it in combi- 
nation with itself. That this is the case, and that these substances 
are applied to the bitumen, under circumstances the most favour- 
able to the promotion of such a combination, will, I trust, appear, 
whilst attempting to ascertain the circumstances on which some of 
the other physical and chemical properties of coal seem to have 
chiefly depended. 

From what has been already said, whilst speaking of the forma- 
tion of bitumen, you will have perceived that, I am of opinion 
that, in proportion as the process of bituminization approaches to 
perfection, the substance acted upon acquires a state of fluidity. 
With respect to coal, the formation of which may be regarded as 
the grand and important end, for which this process has been insti- 
tuted, it would be reasonable, ^ priori^ to conclude, that the laws 
of nature would decree that the substance which is to undergo this 
necessary change, should, in general, be so disposed, as to have 
secured to it the full efiect of the operation of every stage of the 
process. But should the circumstance of coal having existed in a 

♦ Letter XXU. 
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state of fluidity, be supposed to be not fairly inferable from these 
premises, some increase of the probability of the Gircumstance 
may surely be derived from a view of the substance itself. For 
whether we dwell upon the peculiar fracture of common coal, or 
on the vegetable impressions which are frequently found on it, the 
idea of its having existed in a fluid state must present itself to any 
one, whose mind has not been prepossessed by some contradictory 
hypothesis. 

From this state of fluidity would result a very necessary change 
in the nature of the mass. With the vegetable matters which have 
been supposed to have been sunk in the waters of the deluge, a 
considerable portion of mud and gross earthy particles must hare 
been blended ; these, however, when bituminization had given flui- 
dity to the mass, would, in consequence of their superior gravity, 
settle, and form that stratum which was to become the floor of the 
pit, leaving the pure bitumen above. 

By reverting to a circumstance mentioned whilst speaking of 
peat, and of bituminous wood — their eager retention of the water 
in which they had been immersed, parting with it as difficultly as 
would a sponge, and that only on the employment of a considerable 
degree of pressure — we learn, that water may be so thoroughly in- 
terspersed between, and so intimately united with, the particles of 
bitumen, as to constitute a part of its mass. This, however, takes 
place in the pure bitumens only, whilst in a soft state ; since where 
these substance have once been deprived of the water they contain 
by exsiccation, they are no longer capable of entering into union 
with it; becoming impermeable to that fluid with which every part 
had before been penetrated. Thus, in many otlier substances, such 
as the balsams, gum resins, caoutchouc, and vegetable gluten, a 
certain portion of water enters into their original composition, be- 
ing a necessary constituent of the substance, whilst existing in that 
form ; but when these substances become dry and hard, water is 
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capable of being united with them but very sparingly, if at alL 
The Abb6 Fortis, whilst describing the mine of pisasphaltum, in 
the isle of Bua, relates that, upon breaking the drops of bitumen, 
which having exuded in a soft state, had become hard and 
brittle, he found in the centre of each a drop of clear water. That 
water exists formally in petroleum is rendered probable, by its 
being produced in a considerable quantity by the distillation of 
this substance. It must indeed be allowed, that; in the operatioa 
of distillation, such a new combination of the principles of which 
the petroleum is composed may take place,, as may occasion the 
formation of water ; the hydrogen and oxygen thus uniting, whilst 
the carbon is left in the residuum contained in the retort : but that 
water may exist in, and form a part of the original substance, there 
does not appear to be the least reason to doubt*. 

A circumstance which respects the roof of coal-pits is well deserving, 
your attention, in this place. Generally the schistose covering, which 
forms the roof, is, for a considerable thickness,, so impregnated 

* That water maj exist in an intermediate state, between that resulting from the 
actual combination of the principles which constitute water and their state of complets 
separation, does not appear to be improbable. In siliceous and other hard bodies, cev 
pable of being reduced to a pulverulent fbrm^ and in no other way manifesting the least 
trace of it, its presence is detected by distillation. From the observations of my inge- 
nious neighbour, Mr. Homblower^ it appears, that the current of air from an hydraulic 
bellows produced a considerably greater eflect, in augmenting the intensity and bril- 
liancy of the. fire ta which its blast was. applied,^ than a similar quantity of air, urged 
with an equal degree of velocity^ by a bellows of common construction. Might not the 
agitation and iotermixtuse of die air and water produce a partial separation of the prin-^ 
ciples of the latter, into an intermediate gaseous state ; in which the two principles, be- 
mg less closely united, would act, en their application to the- burning embers, with 
energies somewhat similar tO' those which the two principles exert when entirely sepa*- 
Tate. Whether it exista in thi partially decomposed, but permanent gaseous state, or 
entirely decomposed into the two original permanent gases belonging to its constitution,^ 
as has been supposed to be the state in which it exists in the atmosphere*, must be hft: 
to future experiment to determine. 

« iricMfO*>to JovmO, April 10OU , 
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W^ with bituminous matter as to possess a degree of combustlbiUtjr^ 

K wbkk is, in some instBLtiteft, s6 great &^ to allow the employmeirt 

' of these schist!, for tb* piirj>bse pf comb«a^tioiH in the burning 

^^ 6f lime^ smeltikig of metals, kc. A similar imptegnation of the 

WL earth which coir^R the fossil Wood of Munden, described by Piro- 

^tt. fessbr Holltiaan, iahd of that of Bovey^ described by Dr^ Milles, is 

also observable. Impregnation of the eftrth ta a cbiisidefable tbick^ 
E|^ tiess is also trell kbOwn to exist in the earth in the neighbOnrh^od 

of petroleum sfilritigs. lliUs, as has been already notided, in tb« 
valley pf NotO, in Sicily, is a sprin]^ of ^ttK>leUin, Ithich disch|u*ge4 
itself into the lake Palitis; the eiarth dibove it, eveti to tbe^ut&ce, 
being SO much bituuHkiissed, as to h&ve taken fire by aOcidenf^ a&d 
to have burnt for several months. The conni^Gtiofi bet^^c^ tttese 
several impregnations appears to be evident; As the te^oluftictt ipf 
.Vegetable matter into a bitiithinous flui4 takes pla^e, to in propor- 
tion wiM the ad^ii^g earth become irapi^gnated ; aiid^^heite this 
iehfiDbge ik so complete tlbtit a duid bitumen is fonitiei^i t&e diffisiioa 
and absorption will, of course,, be extensive, in proportion to its 
fluidity. The bituD[iinous schist, whiph is adjoining to beds of 
coals, is evidently formed of such births, as have become impreg- 
nated by the fluid bitumen, whilst the coal existed in the fluid state 
of petroleum. 

A revision of the several circumstances mentioned whilst describ- 
ing the situation of coal, and its accompanying strata, will serve 
not only to confirm the supposed origin of coal, but also to prove 
the fact of its having at one time existed in a fluid state. The dif- 
ferent partings^ as they are termed, between the top of the coal 
and the roof, deserve particular notice, on this account. In good 
partings there sometimes exists a space between the coal and roof, 
the coal being sprinkled with a powder like charcoal. In this case 
the previous fluid state may be surely inferred without the least 
diflficulty, the space appearing to be the consequence of the drying 
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and contraction of the matter forming the coal, after the superior 
stratum, the roof, had acquired a considel^ble degree of fineness. 
This inference must hb made, almost withdut hesitation, in other 
instances, where the parting is perfectly clear; the head of the 
mass of coal being described, by writers on this substance, as pos- 
sessing a surface so smooth and polished, as if it had been varnished, 
or covered by some fluid matter. 

In confirmation of coal having existed in a state of fluid bitu- 
men (petroleum), I must remark that this substance is frequently 
found in the neighbourhood of coal. Thus Mohs. Morand, who 
thought that bitumen was probably the basis of coal, informs us 
that in the mines of Franche Compt6, the bitumen exudes in the 
form of a sort of guhr (tears of the mines). 

That the wreck of the vegetable part of the antediluvian world 
was placed in such a situation as to be continually permeated by 
water, and subjected to the conversion into bitumen ; and that the 
nascent bitumen would unite with, and afterwards retain a portion 
of this water, I have not, indeed, been able to present you with 
actual proof; but have been only able to offer you evidence of at 
circumstantial nature : trusting, however, that it is of some coosii^ 
derable weight. 

Bitumen alone would not, however, accomplish that grand pur-^ 
pose for which nature formed coal ; that of supplying future ages 
with a substance for fuel, which, by a moderate exercise of the 
ingenuity of man, might be made to bum with almost every degree 
of intensity ; from that which is employed to convey to the human 
body a grateful sensation, to that which is necessary to fuse some 
of the untractable metals. 

The rapidity with which pure bitumen burns, would not only 
occasion a considerable waste of it, if it were attempted to be 
employed for the purposes to which coal is applied ; but would 
also render it so immanageable, as entirely to prevent its useful 



m{^>licatiOE, to e^ea the most ordinary purposes, which coal is in- 
tended to fiilfiL «^ 

. To moderate this high degree of combustibility, end so to regu- 
late it, that the consumption of a substance, so necessary to man, 
shouldhe rendered uniform and oeconomieal, was therefore required." 
To accomplish this, the intermixture of some incombustible sub- 
stance with the petroleum became necessary. But to produce those 
ehacacteristic properties, by which coal is distinguished from all 
Qther substances of the same class, a particular kind of arrange- 
ment of the particles of this heterogeneous mass was requbite. It 
was necessary that the bituminous particles should be so inrcdved, 
and insulated, on evory side, as to be nearly defended from the 
action of the fire. It was also necessary that the regularity of its 
combustioa should not be disturbed, by the superadded mc^mlrafl- 
tible matter e;xistiiig in the mixture, in such gross particles, or in 
so irregular a stateof diffusion, as would have beenrthe case, if the 
earth had xemained>in it, in the state in which it had subsided 
along with the sunken vegetable mass. 

.. The arrangement of the respective particles of the mass which 
would make the nearest approach to the attainment of the required 
object, would be that in which each individual particle of bitumen 
would have its combustibility left unimpaired ; except so far as its 
inflammability would have been corrected by the oxygenizement of 
its carbonaceous part : at the same time that, by the appropriate 
interposition of some nearly incombustible matter, such a check 
should be given to the spread of the ignition, of one series of the 
bituminous particles to another, as should render their combustion 
suflSciently slow and gradual. Such an arrangement as might thus, 
d priori J have been supposed to be best calculated to produce this 
effect, may be perceived, to have been actually employed, in the 
formation of coal. 
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If a piece of comtaion coal be washed in water, so as to remove 
from its surface all the minute shattered fragments, which adhere 
to it, the fingers will be found to be no longer stained by it: and 
with a lens of very moderate power, or even with the naked eye, 
it may be plainly seen, that the bituminous matter is disposed in 
an irregularly laminated structure, and that the horizontal surface 
of each small and thin stratum is finely coated with an extremely 
thin film. This film, or pellicle, may also be seen frequently to dip, 
and pass through the substance of the bitumen ; intersecting the 
horizontal septa nearly at right angles, and thus placing the bitumen 
in distinct divisions, the parietes of which are formed of an incom- 
bustible pellicle. This film, in general, reflects tints of a greyish 
white, but sometimes it appears with the, hue of bronze. Fre^ 
quently it is of a pyritous nature, shining with a bright metallic 
lustre, or, as in the peacock coal, manifesting a beautiful iridiscent 
appearance ; frequently also, when the pellicle itself is of a greyish 
white, it will be variegated with bright yellow pyritous illinitions ; 
and sometimes spathous, or pyritous lamina, will be interposed, . a 
quarter of an inch, or even more, in thickness. On inspecting the 
edges of the coal, each separate lamina will be found to be comr 
posed of bituminous concretions, exhibiting the conchoidal frac- 
ture, and shining with a considerable degree of lustre. 

On letting a piece of coal fall on any hard body, thus breaking 
it in such a manner as will not direct its fracture, but will allow it 
to take place in such directions as accord with the natural divisions 
formed by the interposed films, the fragments will in general be 
found to assume the form of rhomboids or of parallelipipeds ; the 
very forms which ia body, whose parts were thus separated and dis-^ 
posed, might be expected to exhibit, on being fractured. 

The separating pellicles or interposed septa, in those specimens 
which I have examined, appear to be formed of sulphate of lime, 
containing a small proportion of alumine, and sometimes also of 
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sulphuret of iron. The presence of these subHtaiice^J in coal, is 
manifested by the analysis which has !>een made of this substance. 
Mens. Fourcroy has ascertained that the ashes of coal contain the 
sulphates of iron, of magnesia, of lime, and of alumine; and, even 
in asphaltum, both the sulphuric and nnniatic acids were found, 
by du Bl^, in union with calcareous earth*. 

By such an arrangement of the bituminous particles, and by the 
frequent interposition of pellicles of incombustible matter, which 
have been just described, not only is the combustion of coal mode- 
rated, but it is likewise so regulated that, in its employment for 
common domestic purposes, the internal parts of even small por- 
tions of coal are so protected, from the too rapid access of tlie 
oxygen, that only the external partis actually consumed and reduced 
to an ash ; whilst the other part is rendered a coke or cinder, and 
is capable of being again employed ; and even, with increased ad** 
vantage, in many culinary and chemical operations. Here them 
are we presented with one of the many instances, in nature's works> 
of the obtaining of the most important ends, by a contrivance not 
less remarkable for its simplicity, than for the certainty with which 
it accomplishes the desired effect. It also server to shew that, in 
every investigation of the operations of nature, the more minute 
are our inquiries, the more will our admiration be excited by the 
discoveries which we make. A superficial examination of any of 
the works of creation must be sufficient to excite our wonder; but 
An inquiry, successfully employed, in ascertaining the means by 

♦ How strongly the water, which was diffused through the bituminous mass, was im- 
pregnated with these several particles, may be inferred from the frequent presence of 
calcareous spar in the interstices and cavities of coal. Thus, in a specimen of coal now 
before one, about nine inches in length, and about three inches in width, the substance 
of the coal is beautifully intersected by numerous white streaks of spathose matter ; and 
a large interstice, the whole length of the specimen, is covered with very white and per- 
fect crystals of the dog-tooth spar, forming a beautiful contrast with the including coal. 



N/- 



m 

^ace of the earth Will here^ therefore, at one seasosiv be fcraiid teeii^ 
ing in every point with animal and vegetable life; at anotibier sea^ 
son J it will be found richly impregnated with resinous, oily, ancl 
other carbonaceous matters, which have been let loose, during the 
decomposition of so many organised bodies of both kingdoms. 

Thus, by the regular decay of the vegetables with which the 
earth's surface is covered, and of the animals which they nourish,^ 
are fit matrices formed, and appropriate nutrition secured, for sue* 
ceeding generations. By forests falling through age, and obtaining 
a covering from subsequent perishing viegetables, and being after* 
wards pervaded by moisture, the formation of peat -mosses are easily 
luccounted for; as well as the light loose earth with which the9e ai:e 
Inmost always covered, according to the poet, who, alluding to the 
vast profits derivable from the digging of peat, and to the indica^ 
tion of subjacent peat, by the superficial light earth, says,^ 

Est locus in Balavis, ubi nee gratissimus beerea,, - 
Temtia defiineto Don Telit esse gravem. 

EpigrmnseuEmgmade Terra vKginosa'^. 

: But we have particularly tq contemplate more sudden and ex- 
tensive changes, wrought by a deluge extending its power over 
the whole surface of the earth. It is beyond the powers of the 
human mind to conceive the prodigious changes which must have 
been effected during this grand revolution. Receive then, with 
suspended judgment, this slight sketch of some of the probable 
events of that awful periods 

By the spread of this overwhelming torrent over the whole sur- 
face of the globe, forests must have been prostrated, mountains 
broken down, and the waters of the rivers blended with those 
of the ocean. During the stay of the waters on the face of tbe^ 

^ Epigraffifiaata Ccwtantini HugeQii^ lib. i. 
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eitthj vast changes must also have been afTected. Long-contmned 
submersion must have rendered the earth so soft and yielding, that 
the pressure, united with some degree of agitation of this immense 
bed of water, must have completed the subversion of the forests 
by which the earth must have been nearly covered. Even during 
the passing away of the waters, considerable changes would be ac- 
complished. Whilst the waters were separating from the dry land, 
the librating torrents would form for themselves new ' channels : 
their beds, when cleared of their waters, would display vast and 
extended vallies ; and their sides, mountains of an alpine height. 
^ By the continuance of the waters, the upper surface of the strata 
of subverted vegetable matters would necessarily become covered 
by a muddy deposition, which would subside from the body of 
water, by which it had been overwhelmed. On the passing away 
of the water, the light substances which had floated on its surface,, 
amongst which would be various animal remains, would be depo- 
sited on the muddy stratum which was already laid on the subja* 
cent mass of vegetable matter. Thus would be formed a soil^ 
which, on the passing away of the waters, would again promote a 
rapid and luxuriant vegetation. 

' Such a tract would necessarily long remain free from the inter- 
ference, or culture of man; and, previous to the complete depar- 
ture of the water from it, would at certain times be •liable to be: 
covered by inundations; and at others, when left dry, would be: 
exposed to the heat of the sun. The plants peculiar to these twa 
different states might also be expected to be produced. Hence 
cquiseta, reeds, and other aquatic plants, would, at one time, fill this 
spot, which at another would be covered with a variety of filices,. 
and of other plants peculiar to the open and sun-burnt heath. 
' Should the neighbouring mountains have contained iron, this, 
dissolved by the various salts with which the water would be im- 
pregnated, would be conveyed to spots where the water rested^ andl 

N N 
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«here the deontiposirig organic matters "Were deposited ; and woiM^ 
diere be precipitated in the form of a brown oxide : this, uniting with 
the superior and finer part of the Earthy dc^posit, would cover the 
decomposing vegetable matter with a stratum which, perhaps, after 
no great length of time, would become that substance which is 
known to mineralogists as bog iron ore. But if, instead of the 
water passing off, it should have long remained, and formed a large 
and deep lake, then would other strata be successively added to 
that which has just been mentioned. Sometimes these strata would 
be furnished by the crumbled particles of the softer rocks, which 
formed the sides of these immense and newly-formed reservoirs; 
whilst strata of vegetable matter, furnished by the aquatic plants, 
or brought by torrents, would be arranged alternately with these. 
At other times, large masses of harder rocks would fall, undermined: 
and, brok^i into pieces by the fall, would be sixed and rounded into 
boulders of various forms and magnitude ; or would be so far com^ 
minated, as to be rendered the materials of future breccia, the 
coarser sand-^stones, &c. By the pressure of many of these suc- 
ceeding strata, the lower ones would suffer a closer approximation 
of their parts. The effects of this pressure are most observable in 
those strata which have since become schisti, and which contain the 
flattened remains of both vegetables and animals. The marks of 
pressure are not, however, observable in all the strata, these effects 
appearing to be much less general and extensive than might be 
supposed, arising, probably, from each firmly-consolidated stratum 
protecting the subjacent strata from the pressure of the accumulat- 
ing, superincumbent, mass. Other strata would be formed by Uie 
coalescing particles of iron, and of argillaceous earth. These now 
constitute the substances commonly called iron-stone, and which, 
from their compactness and great degree of specific gravity, have 
been supposed by many mineralogists to owe their origin to fire. 
The strata of deposited vegetable matter, being thus secluded 
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from the air, by alternating layers of dense and compact stony 
matter, would proceed, uninterruptedly, through the bituminous 
fermentation ; during which it would be constantly permeated by 
water impregnated with various saline, earthy, and metallic parti- 
cles, derived from the several strata through which it had filtered. 
Under the influence of these circumstances its conversion into coal 
would be completed. Thus would a substance, particularly adapted 
to the purposes of combustion, be formed, from the eluvies of the 
devastating deluge, and would be providentially heaped up in the 
subterranean storehouses of nature, to be discovered in after-ages 
by the curiosity and industry of man, when the spread of civiliza- 
tion, by laying waste the vast forests which covered the earth, 
should have considerably diminished the stock, whilst the in- 
creased modes of consumption should have augmented the de- 
mand of fuel. 

When the very limited powers of our judgment are considered^ 
which frequently are not even sufficient to satisfy us, respecting 
the immediate or proximate cause of several of the most common 
natural phenomena, we should be very cautious in proposing any 
hypothesis, respecting the operations of nature, unless the regular 
concatenation of cause and effect can be plainly traced ; and the 
supposed final end is in exact accordance, with our best ideas of 
utility and wisdom. This Caution is particularly necessary, if the 
hypothesis is intended to point out a regular series of operations,, 
to mark their dependence, and, lastly, to infer the purposes, and 
motives, which have influenced the Creator, in making this parti- 
cular arrangement. Without such circumspection^ there would be 
danger lest, measuring the wisdom of God, by the scale of humaa 
intellect, inferences derogatory to the divine dignity might be made; 
and plans and contrivances be imputed to the Divinity, not only 
unworthy of omniscience, but originating only in misconception^ 
and presumption. 
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But, it is hoped, that hypothesis [which supposes the trai^tntita^ 
tion of vegetable matter into bitumen and coal, possesses the ion 
ternai evidence of truth, since it presents to us a scheme, in. which 
the oecpnomy of na^ture is exercised, in a manner the most ageeeabla 
to the ideas we entertain of a beneficent, providence. t ' 

Delightful indeed must. have been the scene, which tbeeartli 
must have every where, presented, immediately before the ddiuge; 
Every hill and: y alley must have been clothed with luxuriant vege- 
tation.. But the moment of apparent destruction arrives: the loftjr 
forests, with which nearly the whole of the earth is supposed to 
haye been covered, are at once levelled : a world, which just before 
appear^ an elysium, is desolated, aqd rendered oneval^tiiia^ of 
seeming ruin. Tom up and carried away, by the force of the trcK 
mendous torrent, the trees,; of the mountains are laid\on: those of 
the vallies, and are together buried by the subsequent subversion 
of the mountains themselves. Reflecting on such a scene of deso- 
lation, unproductive of any evident good, the mind bgisitates^ and 
feels a painful dissatisfaction at being unable to imagine the origin 
of such a mass of evil, without depreciating the wisdom, or the 
power of the Creator. 

It is not, indeed, for me, deeply to agitate the abstruse and im- 
portant question which is here involved ; but permit me to observe, 
that when the power, the wisdom, or the benevolence of God, appears 
to be deficient, the defect will ever be found in the powers of ob- 
servation, and reflection of man, which do not enable him to dis- 
cover the connection, between a comparatively small, or even only 

apparent, evil, and a really great, and important good. After a 

short period the waters pass through their destined channels, and 
the earth again becomes covered by the delightful verdure of vege- 
tables ; fitted for the gratification of man, and for the support of 
animal life. The vast forests, too, thus buried in the earth, instead 
of mouldering into an inert and useless mass, still continue to pep- 
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MIKEEAE C0AI..,,OFIKI0KS BESPECTING..*,SUBTEERANBAN COM- 
it;aJUSTION OF FIT-COAL,,. .COMBUSTION OF PYRITES.. ..MIKERAL 
^O^CHAECOAL- •- \ ^ ^ . r ': i H* ^ ^ . ^ t ^ 

Ha VINO already taken some pains to prove^ that the formation of 
coal depends on the process of bituminization, it will of course 
appear to you, that I have rather an ungracious task to execute, 
when I now inform you that this letter must be devoted to the 
description, and history of a substance, mineral charcoal, which, 
though considered, and described as a coal, does not manifest, oa 
the nicest analysis, the least trace of bitumen. ^•• 

This substance, which possesses most of the external characters 
of pit -coal, but, at the same time, agi'ees in all its chemical pro- 
perties with charcoal, is thus described by Mr. Kirwan*, who, 
anticipating the discoveries of Guyton de Morveau, conjectured it 
to be the natural carbonic principle, as pure as natui*e generally 
affords any principle. 

Its colour is black, or greyish black ; its lustre approaching to 
the metallic ; and its hardness, although it yields to the nail, ex- 
ceeds that of chalk. It possesses no transparency, and breaks into 
tabular fragments ; its fracture being foliated or slaty, and its cross 
fracture flat conchoidal. It stains the fingers. Specific gravity,, 
from 1.4 to 1.53. 

This substance is insoluble in acids. In a strong heat, it reddens, 
but does not flame ; in a crucible, however, a slight bluish flame,, 

* Elements of Mineralogy, by Richard Kirwan, Esq. 1796, vol.ii. p. 49. 
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but without any sulpUoreous smell, is observed, undoubtedly from 
the decomposition of water. Exposed to a porcelain heat for se- 
veral hours, in a closed crucible, it entirely, or almost entirely, 
evaporates like diamond. Under a muffle it is almost entirely 
consumed. Distilled, it yields a small quantity of water ; but no 
air, oil, acid, nor alkali. Mixed with sulphate of pot-ash, it yields 
a liver of sulphur; and projected on red-hot melting nitre, it defla* 
grates and alkalizes it: hence, Mr. Kirwan remarks, there is no 
doubt but it is a combustible substance, possessing both the extar* 
nal and internal characters of mere coal, 01^ charcoal. 

The Kilkenny coal is of this species ; its fracture being foliated, 
and its fragments often coated with whitish illinitions. The culm 
of Wales seems a variety of this species, but less pure, differing 
from it, chiefly, in being more brittle, and emitting, when ignited, 
a disagreeable smell. 

This substance yielded to Dr. Hutton, and the Rnench chemists; 
a strong corroboration of the opinion they had formed, respecting 
the changes which bituminous substances, and particulariy coal; 
underwent frx>m the influence of subterranean heat*. Knowing 
thatnt)esides the common pit-coal, rich in bitumen, there existed 
this substance also, in which no bitumen was discoverable, they con^ 
sidered the former kind, as abounding in the oily matter which had 
been contained in the various organised bodies, from which it had 
derived its origin : and concluded, the latter to have been exposed 
to a considerable degree of subterranean heat, in consequence of 
which, it had suffered a deprivation, by distillation, of its bitumen; 
it being thereby left a caput mortuum, or perfect coal. The exist- 
ence of the purer bitumens, in separate situations, has been also 
reckoned in evidence of the propriety of this theory. Thus Dr. 
Hutton mentions, as an instance of the separate existence of thesis 

♦ Theory of the Earth, with Proofs and Illustrations, by James Hutton, M.D. 1795. 
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volalHized bituminous matters^ a stratum of lime-stone, near Baith^ 
in Fifeshire, whicl^ though but slightly tinged with a black colour, 
contains bituminous matter like pitch, in many cavities which are 
lined with calcareous spar crystallized. 

Dr, Mutton's opinions respecting the changes produced on sub- 
terranean bitumens, by the agency of fire, may be comprised in 
these two positions; first, lliat the purer and fluid bitumens are 
produced by distillation from coal; secondly. That the Kilkenny 
coal, and other simUar natural coke, is the residuum of this distil- 
lation. In refutation of the first of these positions, which has been 
also endeavoured to be supported by most of the^ French chemists, 
little requires to be said, except to remark, that the quantity 
of the fluid, and purer bitumens, naphtha, petroleum, asphaltum, 
&c. which has been found, far exceeds the proportion of such coal 
as, with all that diligence of research which so useful an aiticle has 
excited, has been discovered to have suffered this spoliation. But 
that this substance is common coal, deprived of its bituminous 
matter by heat, I acknowledge, seems at least to be probable. 
When we contemplate the situations in which coal mines are placed^ 
inclosed on almost every side by strong barriers of stone, by w'hicb 
the access of atmospheric air is almost entirely prohibited, we can- 
not but conclude, that, should a seam of coal become ignited, the 
Cpal must be completely charred, as far as its combustion exteftds. 
That it furnishes any evidence in favour of all coal having beeD 
'exposed to the fusing power of heat, I acknowledge I do not per- 
ceive; but merely tfeat such particular masses of coal have been 
subjected to fire. Proving also, that such is the wise provisioi^ 
made in this case, that, although a substance, formed to supply 
mankind with fuel, should casually be subjected to the premature in- 
fl.uence af fire, it shall still continue fitted for the purpose for whieh 
it was originally intended; the very material changes, which it has 
undergone, having even rendered it more highly useful^ for certain 
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purposes^ than it had been in its original state. Mr. Kirwan^ how* 
ever^ who will not allow that the ELilkenny coal has suffered anjr 
change by the action of fire/ says, ^^ Would not bitumen be found 
in the neighbourhood of those beds of coal from which it had been 
expelled ? Would not the sulphur also be distilled from the pyrites 
found in the coal? Yet neither in the coal mines of Kilkenny, 
the coal of which is, of all others, most completely destitute of 
bituminous matter, nor any where near them, is the least trace of 
bitumen to be found ; and the pyrites remain in their usual inte* 

Every endeavour to account for the formation of this mineral 
carbon, meets with considerable difficulties ; neither the Neptunian 
nor the Plutonian system appearing, in the present state of our 
knowledge, to be sufficient, separately, to explain the circum* 
stances attending the production of this substance. 

As to the operation of fire, it must be admitted, that the com* 
bustionT)f a vein of coal might take place, under such circumstances 
of prohibition of the access of atmospheric air, as might, most pro* 
bably, secure the reduction of the coal to a char. The absence of 
petroleum, or rather, of coal tar, from the neighbouring strata, being 
perhaps to be accounted for from the escape of the principles of 
the bitumen, in the form of carburetted hydrogen and carbonic acid 
gas: the pyrites in these mines might also proceed from changes 
subsequent to the combustion, perhaps from the infiltration and 
decomposition of dissolved sulphate of iron, which might have 
been produced by, and lodged in, the superior strata, by that com* 
bustipn. It is, however, with hesitation, I venture an opinion on 
this subject. 

The probability of the Kilkenny coal having been thus formed, 
derives some augmentation from the spontaneous, as well as acci- 
dental, burnings of strata of coal, which, even of late years, have 
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u- been noticed, as having occurred in several parts of the world. 
Thus Cambden speaks of a coal mine in Newcastle, which was 
burning for several years; and according to the account of Mr. 
Jefferson, who wrote in the year 1787> a bed of coal at Pittsburg, 
in North America, was then buming, and had been on fire since 
. the year 1765*. Another coal-hill, on the pike-run of Mononga- 
hela, had then been buming ten years, and had burnt away about 
twenty yards only. The Abb6 Raynal also relates, that a vein of 
coal was set on fire at Cape Breton, which burnt with great fury. 

In the grounds at fienwell, about a quarter of a mile north of 
the river Tyne, a coal mine took fire at a workman^s candle^ negli- 
gently placed, and continued burning about thirty years, though 
at first so small, that a proposal was made to put it out for so low 
a reward as half-a-crown, but it was not accepted. It afterwards 
acquired such force and strength, Mr.Wallis says, froin the kindled 
sulphurs and bitumens, that it raged with fury, in various directions 
and depths; sometimes taking its course east and west, and at last 
to the north, into the grounds of Fenham, near a mile from its first 
appearance : committing great ravages in its way; only conspicuous 
by its flame, and columns of smoke, in the night. The eruptions 
at Fenham were in near twenty places -f-. 

Nor is it from accidents only that combustions of this kind 
occur. Mr. Williams states that, within a mile of Kirkaldy, in 
Scotland, in a great plain, called Dysart Moor, the coal, which is 
there found in plenty, burns almost spontaneously — Sometimes 
flames are seen in the night, and a black smoke in the day — ^The 
inhabitants say, at approach of storms, dreadful hissing noises are 
heard from the holes and caverns, with a considerable discharge of 
flame. Nor is it beds of coal only, that a slow combustion would 

* JefTerson's State of Virginia, p. 43. 

t The Natural History of Northumberland, vol. i. p. 132. 
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convert to mineral coal, as Mr. Kirwan calls this charred coal; 
since a similar substance might probably be formed by the burning 
of peat, the stratum covering which would so regulate its burning, 
as to secure its charring. In addition to the instances, mentioned 
in a former Letter, of these accidents, I will relate one, mentioned 
by Abb6 Fortis, who says, " Not many years ago, a fen, near 
the village of Ostrovizza, was struck with lightning, and, its bot- 
tom being turf, it burnt a long time under-ground, though the fire 
was visible only in the night ; after it was extinguished, the. whole 
fen remained black, and the upper soil became barren*/' 

Indeed the very considerable disengagement of heat, during the 
decomposition of pyrites, will easily account for the natural accen- 
sion of so combustible a body as coal, if in union with it whilst 
such a process is going on. Thus Dr. Jorden, speaking, in his Essay 
on Mineral Waters, of the properties which coals possess^ when 
they contain much of the pyrites, or, as the' colliers say, coal- 
metal, of heating and even kindling upon the gradual accession of 
moisture, or the affusion of water upon them, states, that several 
such accidents have happened at Newcastle ; and he particularly 
mentions a circumstance of this kind having occurred in London, 
at Puddle-dock, Dr. Plot relates f, that at Ealand, in Yorkshire, 
one Wilson having piled up many cart-loads of pyrites in a barn of 
his own, for some secret purpose, perhaps to extract the gold, the 
roof being faulty, and admitting rain water to fall copiously in 
among them, they first began to smoke, and at last to take fire, and 
burn like red-hot coals, so that the town was considerably disturbed 
and alarmed. 

To effect the dissipation of a considerable portion, if not the 
whole, of the inflammable matter, from vegetable and bituminous 

* Travels in Dalmatia, p. 37. 

t The Natural History of StafFordsliire, by Dr, Thomas Plot, p, 142. 
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masses^ a less degree of heat may perhaps be sufficient : such as 
may neither ^tender the mass, nor the vapours which evolve from it^ 
luminous, but during the darkness of the night. The phenomena 
described in the following account, related by John Stephens, M.A» 
in the Philosophical Transactions*, seems to point out such a gra- 
dual decomposition of pyrites ; and which, by charring the included 
combustible matter, might be competent to the formation of the 
peculiar coal here treated of. Mr. Stephens says, ^ that in the 
month ^f August, 1751, the air, having been for some time iemari^- 
ably hot and dry, was changed of a sudden by a heavy fall of rain, 
and a high south-west wind. The clifls near Charmouth, in the 
irestem part of Dorsetshire, presently after this alteration of the 
atmosphere, began to smc^, and soon after they burned, witii a 
visible, though subtile ftame, for several days successively ; and 
Cdntinaed to smoke, and sometimes to bum, at intervals, till the 
approach of winter ; nay, ever since that time, especially after any 
great fall of rain, thunder and lightning, or a high south-west wind 
(which drives the sea with great violence against the clifls, and beats 
off large pieces of them), the clifls continue to smoke, and some- 
times to burn with a visible flame, which, during the summer months, 
is frequently observed in the night time. On examining these clifis> 
in the year 1759, I discovered,"' he says, " a great quantity of 
pyrites, not in any regular strata, but interspersed in large masses 
through the earth, and which proved to be martial ; of comua am- 
monis of different sizes, and other shells, but of the bivalve class, 
which were covered over, and mineralized, as it were, with the pyritical 
matter ; of belemnites, also crusted over with the like substance : 
and the cliffs, for near two miles long, and from the surface to 
thirty-five or forty feet deep, even to the rocks at high-water mark. 
Were one bed of a dark-coloured loam, strongly charged with bitu- 

* PhUosophical Transactions, vol.lii. p. 119. 
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men. Moreover, I found also, he says, a dark-coloured substance^ 
resembling coal cinder ; some of which being powdered, and washed 
in distilled rain-water, upon filtrating the water, and evaporating it 
to a pellicle, its salts shot into fine crystals, and appeared to be no 
more than a martial vitriol ; one ounce of this cinder-like substance 
yielding one drachm of salt. I gathered up about one hundred 
pounds weight of the different kinds o( those pyrites, marcasites, 
&c. which were laid up in a heap, exposed to the air, and every day 
sprinkled with water : the consequence was, that, in about ten days 
time, they grew hot, soon after caught fire, burned for several hours^ 
and fell into dust. 

" When the cliflfe were observed to bum in the night-time, the 
flame was plainly perceived by a spectator at a distance ; but when 
he drew near to the place, seemingly on fire, he could perceive a 
smoke, but no flame. In the day time, nothing but a smoke was 
perceived, except the sun shined ; when the clifis appeared, at a 
distance, as if they were covered with pieces of glass, which re- 
flected the sun's meridional rays ; but, upon drawing near to the 
places, where these luminous appearances were perceived, they dis<- 
appeared, and the cliflb seemed to be covered with smoke, which 
stunk of a bituminous and sulphureous matter. 

" I have also, he says, been an eye-witness of the same kind of 
flame arising from the Lodes, in Comwall,especially such as contained 
a great quantity of mundic and martial pyrites. Three times I have 
seen this flame arise from the earth in the night, and once in the 
middle of the day. In the night, a person, standing at a little 
distance, would imagine that the place was all on fire ; and, even 
on drawing near the same, he perceives himself surrounded with 
flame, but is not hurt ; and, in four or five minutes time, he per- 
ceives this flame to decrease, and fall into the earth. In the day 
time, the flame is of a different colour, and not much unlike the 
flame which arises from a furnace. There are several mines disco- 










vered in tliis country by these mineral fires, where there were no 
symptoms of such mines before/' 

A still more gradual decomposition of pyrites, in which no actual 
accension takes place,^ may be sufficient to effect this change, in 
combustible matter, with which they may have previously obtained 
a tolerably free intermixture. Indeed it does not appear difficult 
to tonceive, that a similar effect may be produced, where large 
masses of vegetable, or bituminous matter, have been subjected 
to the action of a strong solution of iron in the sulphuric acid, 
filtrating into them from a superior stratum of decomposing pyrites : 
an escape of the hydrogen being thereby occasioned, leaving the 
oxide of carbon, or charred coal, with accompanying pyrites, in 
the place of bituminous coal. 

Several writers have mentioned, with surprise, the cu%umstance of 
a substance having been frequently found at considerable depths, 
which exactly resembles burnt wood or charcoal ; and which many, 
unable to ascertain its origin, have described as mineral char- 
coal- Wood that appeared to have been burnt was found by 
G. F. de Oviedo, in earth which did not appear to have beeii ever 
dug or disturbed, at a considerable depth, in the mines of Peru*. 
Dr. Woodward thus describes a specimen in his collection -f- : " A 
piece of wood having manifest marks of its having been charred, or 
burnt by the fire, before it was buried in the earth. It is not unusual to 
meet with wood, thus burnt, reposited in the bowels of the earth.^^ 

In the copper mines of the Ryphean mountains, in Siberia, and 
in the neighbourhood also of Cazan, the copper is found united 
with blend, sand, and wood, forming a hard and compact mass. 
The vegetable parts are so brittle as to be easily detached; the 
wood being black, resembling a charcoal |. 

* Purchas's Pilgrim, lib. v. cap. iii. p. 971. 
t Catalogue of English Fossils, part ii. p. 19. 

X Voyage en Siberie, en 176 1 , par Mons. I'Abb^ Chappe d'Auteroche, tome i. partie ii. 
p. 671. 



287 

The Abbe Fortis relates, that in Luzzane, on the side of the bed 
of the torrent called Gipalova Vrilo, he found the roots and trunk 
of a tree, three feet in circumference, reduced to a fossil coal. The 
particularity by which this coal trunk was distinguished, was its hav- 
ing been cut, little more than a foot above the root, by a hatchet, or 
some other similar instrument, before the marine strata covered it, 
I leave, the Abbe says, to those who are more knowing than myself, 
to decide by how ancient a hatchet this tree has been cut, and in 
what times those lands have been covered by the waters of a sea 
now far from us, and which has left behind it a prodigious quantity 
of exotic testacei. — ^In the accompanying gravel are heavy pieces 
of lava, sometimes black and sometimes grey, fossil coal, and bi- 
tuminous scissile earth. 

Mr. Cramer, Counsellor of Mines at Altenkirchen, in the second 
volume of Der Gesellschaft Naturforschenda Freunde zu Berlin Neue 
Schrifterij relates, that in the county of Wachtersbach, in the principa- 
lity of Isenberg-Birstein, under the exterior crust, there first occurs a 
strong stratum of white and red sand-stone, in alternate order, which 
extends to the distance of several miles in the neighbourhood. Un- 
der this lies a grey argillaceous stone, which feels somewhat greasy, 
soft, and friable, and is scarcely three inches in thickness. Below 
this there is a stratum of excellent iron-stone, of equal thickness, 
the bottom of which consists of solid sand-stone, of a kind of mill- 
stone, which often occurs in these districts. This iron-stone is dif- 
ferent from every other kind in the neighbourhood : it is a compact, 
argillaceous iron-stone, of a reddish brown colour, and of a rough 
fracture, sometimes mixed with shells ; among which there is found, 
though very seldom, a variety which has a fibrous fracture, with an 
almost metallic splendour, and seems worthy of farther examination. 
When I visited this work, he says, some masses of this compact 
iron-stone were dug up, which contained charcoal. This charcoal 
was found loose in the iron-^ stone, and partly grown into its sub-^ 
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stance^ and adhering to it. By what natural) or artificial fire, thb 
charcoal was burnt, or by what singular revolution it was carried 
into the depth of from three to four fathoms^ and there so intimately 
combined with the iron-stone that it seems to form one body wiA 
it, he observes, no minerttlogist can wiA certainty explain. 

The hypothesis whieh Mr. Cramer formed, respecting this singular, 
and certainly uncomnion subterraneim mixture, is, that die charcoal 
was burnt, iathe neighbourhood, ei^er in the usual manner, or by 
natura:l fire, and that some fragmepts of it, by some convulsion of 
nature, weie thrown to the above dep^. Where they united with 
the feiTugiilous matter, and by tiiese means produced tiie above 
Hemaifcable phenomenon. On many fragments one can observe'fhe 
transition of the not completely burnt wood into iron-*stone ; even 
the bark of thie wood, actually converted into iron*stone, ma(y be 
clearly distinguished; atid the perfectly black natural, or artifidid 
charcoal, possessing all the prdperties of the charcoal of buittt 
%^(>6d, lay nndecomposed IflT it.--^This irc»i*stone, Mr. Cramer addb, 
fe exceiedingly easy of fuisioh; and so much so, that it is used as a 
"flux for other kinds ♦. 

Pieces of this mineral charcoal are frequently to be seen, in the 
deep stratum of blue ferrugitious clay dug for tile-making, near 
Hackney-Toad : an examination of this substance, and of that which 
forms the stratum in which it is found, seems to point out the cir- 
cumstance, from which the important change it has experienced 
has proceeded. 

Under about a yard of mould, and as much yellow clay, there is in 
general found, about this spot, a layer of variously sized gravel, said 
siliceous sand, extending from twelve to fifteen feet in depth, aud 
coloured in every part by a yellow oxide of iron. Beneath this is the 
stratum of blue ferruginous clay, which is now dug to the depth of 

* Phil. Mag- No. xlix. June, 1802. 
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twenty-two feet without shewing any appeamnce of termination. 
This clay, which seemsto have been the muddy deposit of a stand- 
ing water through many ages, has in alioiost every part of it small 
particles of pyrites, which are sometimes formed into pretty large 
nodules ; these larger masses, in general, invrating pieces of charred 
wood. Similar pieces of wood, but without this investiture of 
pyrites, are here also frequently met with : the whole mass pf this 
structure appearing to be made up of clay, intermixed with pyrites 
and altered vegetable matter. 

In endeavouring to explain these phenomena, the first great dif- 
ficulty is, to account for the origin of the iron and sulphuric acid, 
which appears to have made its way from the upper part, and to 
have percolated through the sand and gravel, leaving, as it passed, 
a yellow oxide. Could the sulphur, the jradical of the acid, and 
the iron, have been yielded by the resolution of organised bodies 
on the surface ; or but to ascertain the first point of the mys- 
terious circle is a hopeless attempt Omitting, therefore, its origin, 
it must be suflicient to trace the effects of the sulphuric acid, hold-* 
ing a considerable portion of iron in solution, of which here is 
ample, and undoubted evidence, in these several strata. In the 
stratum of sand and gravel, the deposit of Qchry matter appears 
not to have been changed by the action of any organic substance ; 
nor do there appear any traces h^e of animal or vegetable exist- 
ence, excepting the rarely occurring casts or impressions of echini^ 
&c. formed on the siliceous pebbles: which figures must have been 
impressed^ whilst. the pebbles were laying in those beds, in which 
they obtained their induration; and from which they were con* 
veyed, by the^curcent which flowed over this spot, after the lakc^ 
which had previously existed, had been filled up. Arriving at the 
mass of clay, intermixed with decaying vegetable matter; the, sohjir 
tion of sulphate of iron must have produced effects isimilar totibes^ 
On meeting with the vegetable matter, which had never been sii9« 
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cienti J secured by incumbent strata, to prevent the escape of its hj- 
drogen, and allow its bituminization, a decomposition of the water, 
of the particles of vegetable matter, and of the sulphate of iron, 
must have ensued. The carbon of the vegetable would powerfully 
attract the oxygen, both of the sulphuric acid and, perhaps, of the 
water, thus becoming charcoal ; whilst the sulphur and the metal, 
each deserted by oxygen, would unite together, and fonn a sul- 
phuret, or pyrites ; which would possess a degree of metallic lustre, 
proportioned to the degree of reduction which the metal would 
obtain, from the application of the hydrogen, separated from the 
water. * 






LETTTER XXVnir 

•...IGNEOUS ORIGiN.:..AQtfBdtrS ORlblN EXAMlwifel)/ ^ ' 

1 CONSIDER your claim as toa well founded to allow me to impirfe 
to you impatience. You requested from imte a history of the- sub- 
stances generally termed ex traaeous fossils ; and during a long cor^ 
respondence, carried on in consequence of that request, I have not 
yet given you the history of a single substance, which general opi- 
nion allows to be thus classed. The substances on which I have 
hitherto dwelt, I have taken the liberty, contrary to general opi- 
nion, to consider as extraneous ; or, as I term them, secondary fbs^ 
sils J and, therefore, must refer you to the ftrguments -which I Imvc 
adduced, in support of that opinion, for my justification, in detain- 
ing y6uf so longi 10 their examination. 
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- 91ie establishing the rigkt of these to the.rank of secondary fos*^ 
nlsy is not, however, the whole of what I hope to have accom* 
plished* I have also endeavoured, at the same time, to ascertain 
the most general basis, or substratum, of vegetable fossils : my suc- 
cess, in this respect, however, still remains to be determined. 

The subject of the present Letter cannot but prove highly inte- 
resting, being the conversion of wood to a splendid metallic sub- 
stance ; in which, although sufficient traces of its original mode of 
existence are discoverable, the transmutation h such, that its supe- 
rior gravity, as well as, often^ its lustre, proves that it now contains a 
considerable portion d metaflic matter. To give a slight sketch of 
the history of these bodies, is far as respects the various appear- 
ances they yield, the parts in which they are found, and the nature 
of the change they have suffered, I shall therefore now attempt. 

The vague manner in which the metallization of wood has been 
hitherto endeavoured to be accounted for, will excuse me for ex- 
tending this inquiry to a more than usual length. Mr. WalcK 
who paid particular attention to thb subject, says, the wood is, in 
general, metallized, in those places, where the subterranean heat 
raises a considerable quantity of metallic vapours ; and$ upon these 
vapours meeting with solid bodies, they deposit their metallic par- 
ticles. Water, impregnated with metallic particles, he also sup- 
poses, may convey the particles of metal into the interstices, and 
cavities of the wood. 

It must be confessed, that considerable difficulties are to be 
opposed^ whilst endeavouring to determine the real nature of the 
<^peration, by which a substance, which originally existed in an 
oiganized state, has been so changed, as to be rendered metalUc in 
almost every part*. Chemical analysis, as well as the natural de- 
composition of these substances, shews that they are composed of 
a portion of the ligneous substance, in. most instances rendered 
charcoal, intermixed with pyrites, or some saline metallic body. 
The pyrites are frequently in so conndeiable'a quantity, as to sui- 
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fer hardly any diminution of its metallic splendour from the inter- 
mixed charcoal, which still serves to shmv the striae and circles^ 
which characterised its original structure. An inquiry into-lhe 
nature of the operation, by which this change has been effected, 
must necessarily involve in it the question — By what natural ope- 
ration are pyrites formed? This question should, therefore, first 
Mgft§e our aittentiiMw > ^ ./ i> : '^i ;- j > : i . . » 

X '[^be^fofiiiatioii of natiFe ilietftUic 8ulpbi»eAiii;pu^^ or mmqa^ 
sitftt^ has btei^ adduced^ iay Dn Uuttiuiyi^asdeaadj eTaadng^ite 
ai^eiiej.of fire^ sumI as artirely.iacoiBjpiiit^^ 
The J^fM^korai^ speakiiig of^the.ii|^|li:ofiiiirtattic sufastaoc^firitb 
sfi^i:(r, ^^. IJ^ig mkiendizmg operatidtt 19 gprafioirmed^ ibjf « hcjat ioi kk^ 
sioo ( and there b-no person diiUedJn cfaemiapiTi^li^ 
to say thk may jiyedimeiiijvaqaeow so r-^ '>n/,i .^ t,,r lu 

^r ^rofesKxr Pkyfiuiv who haa given rhisi {Kurer£(d 
Hutton^'s tihemy, speakipg .of these substanceSy/inetalajttAth^iilQHm 
gi znoref miniftiiiUaed bj salphiv V Their .^iw<Kt.^^^ 

kiAter substance cafibe produced, asi we JUM^sir^ by heaf^Ktl^ikdifu^lj^ 
by Uie.way of solatioi^ ma^iiienstii^ and ccarftcMlte^ i^ 
if that ineostnmm is nothing dse than water. The metals^ tb^R^: 
fore, when mineralized by sulphur, give no countenance to the hy^ 
pothesis of aqueous solution ; and still less do they give any, .when 
they are found native, as it is called, that is, malleable, pure, and 
uncombined with any other substance. The great masses of, nativ^e 
iron foimd in Siberia, and South America, are well known; and 
nothing certainly can less resemble the products of a chemical pre^ 
cipitation. Gold, however^ the most perfect of the metals, is foujo^ 
native most frequently; the others more rarely, in pix)portioa.nearij$ 
to the facility of their combination with sulphur. Of all such spe-r 
cimens it may be safely affirmed, that if they have ever been ^lud^ 
OT even soft, they mnst have been so by the action of heat; for to 

* Theory, of ibQ &urtb| fqI. i. p. 63. 
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suppose that a metal has been precipitated, pure and uncombined 
from any menstruum, is to trespass against aU analogy, and to 
maintain a physical impossibility*/' 

In a science like chemistry, in which^ fix>m the multiplicity of its 
subjects, and of their operations upon each others important disco- 
veries are daily being made, change of opinion must, necessarily^ 
be frequently submitted to, by the most intelligent. Hence also it 
happens, that apparently established theories, of the most learned 
men, are sometimes subverted by those whose general knowledge 
in the science is much less considerable, but whose applicatioa 
of some- recent discovery has happened to have been fortunate* 
Thus the opinions entertained by Dr. Hutton, and by Dr. Play&ir, 
respecting the-fonnation of pyrites, and the precipitation of pure 
metallic substances, I trust, will be no longer tenable,- when com* 
pared with the ingenious experiments and observations of stiU more 
recent date. 

The union of metals with sulphur, without the aid of fire, is dis«* 
coverable in many instances. A familiar instance is the violet tar* 
nish which attaches itself to polished silver; and which, being al- 
lowed to accumulate, will form a crust which may be separated by 
bending the silver, or striking it with a hammer. This pellicle haa. 
been examined by Mr. Proust, who asserts* it to be a sulphuret of 
silver. The common sympathetic inks, formed of metallic solu*^ 
tions, the writing of which, before invisible, is immediately dafk* 
ened by sulphuretted hydrogen, is also an instance of the union of 
metal and sulphur, in the moist way. So also is that kind of shining 
pellicle which forms on wainscots, painted with Ivhite lead, and which 
hilve been exposed to the influence of sulphuretted hydrogen/' 

An observation of Dr. Thompson, in his excelletft System of Che^ 
mistry, affords us very decided evidence 6ii the' queitimi which we^ 
are about to discuss; which is. Wither tlittiiaiAiraldDmbiMtibt^ 
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€f b J mIii^^ by^ v^ of talpkiir 

with copp^t he says, '' This coinpound may bet fof^^ by vaiing 
ceppet. filings and aiilphur, aiuL inakiiig%j^m into a; paste with 
watery 4if^:e«en bjiinmng;them togrther; ^^t^ut an j watery and 
aQaw»g tbem^toinMnain aisuScient time exposed to.the air^ as I 
Itevai^tfeBrtained by exiperiHMat*^'' This point is; also iiUiistiwted 
b(y the: lB^4iiibwi^ artkoial Jeactfaqaike of Lesnery^ in whichi^ 
mixture of equal parts of iron filings and of sulphur, being 
moistened with water* and buried in the earth, is said to under- 
go so considerable a degree of expansion, as to make the earthy 
over it, heav e and crack, in several places ; from which even fire is 
said sometimes to burst, Fourcroy, indeed, states, tliat this expe- 
riment did not succeed with Bucquet. But, whether the experi- 
ment succeeded to the extent described by Lemery, or not, k by 
no means essential to our inquiry, since it is sufficient fm^.^imtf§im^ 
pote^ cthati whett.the eapetinieQt'ift nade on a i^erj vnaU «Qil% 1^ 
laixtam heats and swellm aulphuretted hydrogen, escapes^ andv^ 
fitKHne^^lxed.pnndples enta* into ittfw^ 

y Pediaps neither of the above eKperiments afiovd an iastoiioe -of 
the union of the pure metal and sulphur : in the latter experiment 
it seems obvious that this is not the case ; and in that related by 
Dr. Thompson, it appears highly doubtfuL Still an examination of 
the changes which may be supposed to be effected, in these experi- 
ments^ will place the subject in a more clear point of view. The water 
is undoubtedly decomposed : its oxygen combines with the metal aad 
with the sulphur, forming a metallic oxide and the sulphuric aoid ; 
and these uniting, form a solution of the metal in the sulphuriq 
acid, l^e separated hydrogen attaches to itself, in its -nascent 
state, a portion of sulphur^ and becomes sulphuretted hydrogen gas. 
Admitting that, in neither of these instances, an union of the tw« 

* A System gf Clieaiiitiy<>.by TIiooiimi Tbonptof , M.Q. vol. i. p. 1 17. 
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skApte substaMes, the metal and the^ sulphur, is proved to talod 
l^lace; still, I tnut, these experiments shew that a saline combina^ 
tion of these two bodies may be formed, in subterranean situations, 
merely by the aid of water. This being ascertained, it remains to 
discover, whether from this compound, and the other substances 
necessarily present, a metallic sulphuret is not likely to be formed^ 

The changes which we are lo contemplate, then, are those which 
would take place in a saline metallic solution, exposed to the in* 
fluence: of sulphuretted hydrogen, and the sunounding carbona* 
ceous substances. By the addition of sulphuretted hydrogen to 
solutions of the metals, it has been found iJbat a considemble. pre- 
cipitate ensues ; and the precipitate thus made, is found to be com^ 
pounded of the metal and the sulphur. The sulphuret thus, preei* 
pitated is black from silver, yellow from bismuth, brown from copK 
pery &c. Thus also, in subterranean situations, stmilaf reflects ensue 
from the agency of the sulphuretted hydrogen on the sohxtion of 
the metal. T%ie action of a double affinity is exerted. The dis- 
solved and oxydated metal, as well as the sulphuretted hydnigent 
suffers decompositicm. The sulphuretted hydrogen- faeiug^ separated 
into its two eonitituent principles^ hydrogmi and sulphury the former 
unites with the oxygm^ which had oxidated the metal and hadicen^ 
tributed to its solution, abstracts.it from the- metal, and with itfemM 
water; whilst the latter principle, the sulphof^ deaerted by the hy^ 
drogen, ccmibines with the metal, thus nearly freed of its oxygen^ 
and reduced, and •IbrmS' with it a sulpiiiiret^ whickiiapneeipi* 
tated; 

: Ifon^ watier, and sulphury either now exist,! oK have: leffc^tiaces of 
their existence, in almost every subterranean sitaMi^tioii;:and tfaBfeama 
difficulty to oppose the suppdsitMny that,, ur sadi ailmiliOBAy chmagm 
mad combinations might have ensaesl, mif iMWingi ttoe ,wMckifBa 
hate just described<>' Chie flttateriatrdifff rpnoe vrtmW/' h p# «J w i^^ mmd i 
the sulphuretted hydrogen, prevented from esciiptng, must haye 
penetrated, and jforcibly eserted itviaAMiiMtt 0^^ every particle p£ 
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the metallic solution. Tliis would also be acted on by tlve sur- 
rounding, as weir as, by the mingled, carbonaceous, and earthy or 
alkaline matter. The oxygenized sulphur and metal, thus acted on^, 
at once, by these deoxidating powers, must each have given up the ^ 
portion of oxygen attached to them; which, with the hydrogen^ 
would form water; with the carbon, oxide of carbon, &c. ; whilst 
the pure metal and sulphur^ entering into intimate union^ would 
form pyrites, possessing a metallic lustre. •M- •^^ ^^ 

It is here proper to remark, that the very ingenious experiments 
of Mrs. Fulhame shew clearly, the po%verful influence of water, in 
promoting the reduction of metals, and in giving to them their pecu- 
liar lustre, at a temperature, even below that which the atmosphere 
ordinarily possesses*. 

Hence it appears probable^ at leant,. that the fonimtiaii of 'tfae)^ 
native sulphurets may take place, independent of the action of fire : 
and M. Proust, and our celebrated countryman, Mr. Davy, are of 
opinion, that the native sulphurets are actually formed, in conse- 
quence of a similar decomposition of diftbrent solutions of metals^ 
by their combination with hydrosulphurets. It must, however, be 
remarked, that some of the metals are not thus precipitatcid bj tii6 
addition of sulphuretted hydrogen alone ; since when the metaLi 
are reduced to their minimum of oxygen, in consequence of its sub- 
traction by the hydrogen, they retain the last portion of it with a 
considerable degree of power, and are thereby prevented from; en- 
tering into union with sulphur. The addition, however, of an earth, 
an alkali, or the carbonaceous matter, so abundant in the earth, 
takes from the metal this portion of adhering oxygen, leaving it 
pure, and free to enter into combination /with the sulphur. In jus^ 
tice to the supporters of the Vulcanian theory, it must be also 
remarked, that essentially different properties, both physical an4 
chemical, distinguish the pyrites, or native sulphurets, from the 

* Aa Essay on Coiid>ustion, by Mm* Fulhame, p. \19. 
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artificial or factitious. Their crystalline forms, their peculiar splen- 
dour, and their iridiscent investiture, yield matter, indeed, for per- 
tinacious argument, on both sides of the question. But, surely, th^ 
circumstance of diese crystals being found, often, fast imbedded in 
so combustible a body as bitumen, speaks strongly in favour of 
their aqueous origin^ Jet is frequently found containing them, or 
being closely invested by them, and At the same time manifesting 
no marks of having been acted on by heat; which would surely 
have been the case, if thek formation, which must have been at the 
time of their fixing themselves in, or attaching themselves to, this 
substance^ had been effected from a substance, in a state of igneous 
fusion. Their splendour, and Iheir iridiscent surface, appear also to 
be, at least, as easily accounted for by the agency of water, as by 
that of fire. Mrs. Fulhame has detailed some very pleasing, and in- 
genious, experiments, which bear very strong evidence in favour of 
tbis opinion of their aqueous origin. This lady impregnated pieces 
of silk with solutions of various metals, and exposed them, wetted 
with water, to the action of hydrogen, sulphuretted hydrogen, &c. 
in consequence of which, they became covered by films of reduced 
metal; which sometimes, like the native sulphiirets, displayed a 
variety of most lively colours. Even those metals, which were 
not capable of being precipitated, by the addition of sulphmretted 
hydrogen to their solutions, in this manner obtained their metal- 
lic splendour*. 

By these experiments, we are undoubtedly taught, that hydro- 
gen, as well as sulphuretted hydrogen, is capable of reducing the 
metals, even in the ordinary temperature of the atmosphere; that 
water promotes these reductions in a very remaikable manner; and 
that these reductions of the metals are accompanied by a variety of 
colours, resen^bling those which frequently mark the surfaces of the 
splendid natural sulphurets, or pyrites. 

* Ad Essay on Combastion, p. 36. 
Q Q 
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A series of experiments, ascertaining the effects of hydrogen and 
^sulphuretted hydrogen on various sokitioiis of the different metals, 
aided by the deoxydating powers of carbon, alkalies, and earths, 
would ^ it seems reasonable to expect, manifest, in the hands of the 
able chemist, that the fbraiation of the brilliant, crystallized, me- 
tallic pyrites > has depended on aqueous solution. But the vast mass 
of materials, the great quantity, as well as the density of the super- 
incumbent strata, which must necessarily prevent any escape of the 
sulphuretted hydrogen ; and the long continuance of this substance, 
in contact with the other principles, must give so superior a degree 
of energy to the natural processes, by which these substances are 
formed, as, perhaps, would leave to art, only the power of approx- 
imating to their result, 

A fair inquiry into what would be the probable result of the 
tauxtnre of thoee substances, whieh appoftr to icoMtitute fffd^ 
and the strata in which tbey lire founds redroaing^aceofdin^ to tke 
lEnoWi^ affiniti^r of bodied, nrast be well calcmlaAed to assist oar 
jodgment, Kes|)ectitig the mode of formatioh of the natufal sti^ 
j^hxirets. The sabttances, with which pyrites are most commdiiljr 
fbuiid to be associated, are those, the fonnation of which, appeatfs 
to have depended on the decomposition of organised matter j sach 
is the substance (jet) which led to the present discussion; such is 
coal, carbonate of lime, sulphate of lime, &c.— but, since the 
changes are nearly the same which happen in all these instances, 
the examination of what takes place in one will be sufficient ; and, 
as it may serve further to illustrate the history of bituminous sub- 
stances, to which our last Letters have been principally devoted, 
we will consider what is likely to have taken place during the for- 
mation of pyrites, in the neighbourhood of substances Of this kind. 

The altered vegetable matter, or bitumen, you will recollect, is 
a substance composed chiefly of carbon and hydrogen, with a small 
portion of oxygen ; if then to this substance a solution of iron in 
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the sulphuric acid has been added^ we may readily appose that, it 
would produce the following changes. From the great avidity with 
which carbon attracts oxygen, it is just to conclude, that the large 
quantity of this principle, which is contained in the fluid bitumen, 
would attach to itself the oxygen of the sulphuric acid, form* 
ing therewith either the carbonic oxide^ or carbonic acid. The iron 
and sulphur would thus be liberated from their former combina- 
tions, and would, as has been already noticed, rush into new ; the 
sulphur and iron, reduced to a state of purity, would in this state 
unite together, and form the splendid pyrites; whilst, as has been 
already observed, their colour, as well as their brilliance, would be 
likely to be augmented by the hydrogen. 

Believing, therefore, that I have shewn, at least, the probability 
of pyrites, in general, owing their origin, contrary to the opinions of 
Dr. Hutton and Mr. Playfair, to solution in a menstruum; it be« 
comes now necessary to ascertain, whether the explanation of the 
mode of their formation will also apply to that particular kind of 
pyrites, which first led as to this inquiry ; namely, masses of a me^ 
tallic substance and lustre, bearing the indisputable marks and 
character, of having derived their primitive form of existence, from 
the energies of vegetable life. 

I have already furnished you with some particulars, respecting 
the form and appearance of pyritouB wood, as well as, concerning 
the situations in which it is commonly found. But as the folio w«» 
ing account, written upwards of a hundred years since, by Pillingen, 
whilst treating of the bituminous wood of Meielibieen, is exceed<=^ 
ingly particular and comprehensive, and was written, without the 
intention of supporting any opinion resembling that which I have 
here advanced, I have laid it before you, that it may serve a3 
a test, to shew how far the conjectures which I have formed, re- 
specting its formation, are supported, or opposed, :by thedrcum-' 
jstances under which this substance is found. A pit, be says, was 



300 

lately dug in the declivity of the mountain, directly to the vein of 
bitumen, for the more easy extraction of the substances which were 
dug. Here they first found, for about three feet from the surface, 
common earth, with which a small portion of sand was mixed : 
they then dug, to the depth of two orgyia, through a vein of very 
fine clay, which was sustained by a firm sand, impregnated through- 
outj and blackened by bituminous vapours. At last, when they 
came to the surface of the bituminous earth itself, behold ! pyrites 
of a most uncommon form presented themselves to view ; so tabri- 
cated had they been in the bowels of the earth, that their external 
appearance, in every respect, agreed with that ^f decayed wood, 
Otiier portions had other appearances; for some resembled stakes; 
others were so incircled by the knots of branches, &c, as to appear 
like smooth, cylindrical^ and oblong sticks: some again, hollowed 
out, were woody on the concave inner surface, whilst the external 
and convex surface was brassy; others were turned, twisted, sur- 
rounded, and enveloped in such various fantastic forms, that the 
most expert artist could hardly have depicted them all Lastly, 
some were only partly pyritous, and others were formed entirely by 
a very hard and heavy pyrites of a silver hue. By a reference to 
Plate VI. Fig. 1, 23, 27, and 29, a more correct idea may, perhaps, 
be obtained of the forms which Pillingen here describes. 

In a former part of our inquiry, it was endeavoured to be proved, 
that bituminization is the first essential process, in the mineralization 
of vegetable matter : and now, I trust, it has been shewn, that the 
farther mineralization, the metallization of vegetable matter which 
has been thus bituminized, is very likely to result from its union 
with certain substances which are, or have been, present, in a state 
of fluidity, in most subterranean parts of this globe. Reflection on 
the changes which must take place in wood softened by the bitu- 
minous fermentation, and permeated thoroughly by a solution of 
iron in the sulphuric, or sulphureous, acid, will enable us to form a 
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more correct judgment on this point. These changes would not 
much differ from the following. The abundance of carbon, pos- 
sessed by the bituminous wood, would, as has been already remarked, 
occasion a deoxydation of the metal, and of the sulphur, which had 
been carried into contact with it, in a state of solution ; the greatest 
part of the carbonaceous matter itself becoming an oxide of carbon, 
or charcoal, in consequence of this accession of oxygen. Repeated 
minute examination of metallized woods have clearly shewn to me, 
that their structure is exactly agreeable to this supposed mode of 
their formation. The circles and strise, which give the characteristic 
appearance of wood to these substances, are evidently formed of 
the ligneous fibres converted to charcoal, whilst all the iotermediate 
spaces are filled with the brilliant metallic matter. 

According to the hypothesis, here endeavoured to be supported, 
the vegetable substance, at first, suffers a thorough penetration with 
moisture ; it then is submitted to the influence of the process of 
bituminization, by which it passes through various degrees of soft- 
ening, even in some instances amounting to liquefaction. ..The last 
change which it undergoes is prciduced, during that 9oftened state, 
by the addition of the saline metallic solution, of which we have just 
been speaking. From this long continuance, in a softened state ; 
and from the pressure of the superincumbent matters^ we may rea- 
dily account for this species of niineralized wood being found, almost 
always, in a compressed state, and for its having undergone this de- 
gree of compression, without having suffered any degree of fracture. 

I do not,, indeed, wonder at the scepticism which you say our 
friend Wilton displays on this occasion ; since several very learned 
men have been induced, by a consideration of this circumstance, 
its oval compressed form, differing so much from the round shape 
of conmion wood, to believe it to be intirely of subterraneous ori- 
gin;, and that this compressed form was the grand characteristic of 
wood of subterranean growth. . - 
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But in many spfeciraens of this kind of wood, such as ttiose at 
Plate VI. Fig. 1, and Fig, 7, so few of the ligneous fibres are dis- 
coverable, that a section of them displays an almost uninter- 
rupted metallic surface. To explain tliis circumstance, it is only 
necessary to consider that, in this case, there must have been a loss 
of the ligneous fibre, which may be easily supposed to have taken 
place, not only by the mechanical action of the water, whilst pass^ 
ing through it ; but also at the time of the formation of the pyrites, 
when some of the carbonaceous particles undergoing a still higher 
degree of oxygenation, and assuming a gaseous form, are employed 
in the formation of carbonic acid ; whilst other portions, uniting 
with hydrogen, might contribute to the formation of carburetted 
hydrogen. 

I find myself, I acknowledge, much more disposed to concur with 
him in his opinion, that the frequent discovery of a raetaUic sub- 
stance, in a vegetable form, might have furnished the poet with the 
idea of the trausmutative power, with which he favoured the Phry- 
gian king. The following lines seem to corroborate the opinion : 

' Vixque nbi credent, am aha froode rirtnlem 
Ilice detrwk virgam : virga aarea facta est. 

ToUit humo saxum ; saxum quoque palluit auro. 
Contigit et glebam ; contactu gleba potenti 
Massa fiiit Arentes Cereris decerpsit aristas ; 
Auxiea messis erat« Demtum tenet arbore pomum ; 
Hesperidas donasse putes. 

METAMORPH. lib. XI. 1. 108. 

There are, undoubtedly, numerous appearances, which would lead 
to the thought of such a transmutative power. Besides stones and 
earth, we hai^e just seen a realization of the metallic twig ; and shall 
have occasion afterwards to point out some specimens, which dis* 
play such appearances, as have occasioned very learned men to 
adduce them, as instances of the conversion of cora and fruits, into 
a metallic substance. 
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You will, I suspect, deem this letter too long ; in apology, I must 
temind you, that the task which I have endeavoured to perform is 
of importance, and, in attemjpting to establish the aqueoKs origin 
of pyrites, I have had to oppose those opinions, which the learning, 
and the zealous exertions, of their promulgators, have stamped with 
the highest authority. The strong ground, on which the opinion 
here opposed, is supposed to be established, may be gathered from 
the words of Mr. Playfmr, who, speaking of pyrites, asserts it to be 
^^ a substance that isf perhaps, more than any other, the decided 
progeny of fire V ^ 

Yours, &;c. 



LETTER XXIX. 

PETRIFACTION THEORIES RESPECTING SUBSTITUTION 

ADOPTED BY WALC&, KIRWAN, DAUBENTON, POURCROY, &C. 
.•..THEORY OF DR. HUTTON AND" MR. PLAYFAIR. 

Although the truth of your daughter's and our friend's observa- 
tion must be admitted, that you have been detained a long time 
from the consideration of the grand object of your inquiry, the 
nature and formation of petrifactions ; yet I will not, for a moment^ 
admit the justice of the charge, that this has been done unnecessa- 
rily. On the contrary, I flatter myself that it will appear, that the 
process of bituminization, on which we have so long dwelt, had 
been a necessary preparatory process to that of petrifaction, in 

♦ Pagt 33. # 
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most of the vegetable substances^ which have undergone this species 
of change. But, as the opinion 1 propose to offer, respecting the 
petrifaction of vegetable bodies, differs materiaUy from the theories 
which have been framed by tliose, who are deserved!}^ considered to 
be the first authorities^ in inquiries of this kind, I think it necessary^ 
in the first place, to give you a sketch of those theories ; and then 
to lay before you that hypothesis, which, according to my judgment, 
accords best mtli the several phenomena which these bodies yield. - 

The earliest attempt to account for the petrifaction of wood, on 
chemical principles, proceeded on the idea, that the fixed, earthy^ 
parts of the wood, deprived of their watry, oily, and volatile parts, 
on being penetrated by the lapidific fluid, %vould arrest the stony 
particles; and thereby so secure their arrangement, that the sub- 
stance thus produced should exactly represeut the form and struc- 
ture of wood- That the mere earthy particles of a vegetable should 
thus abide together, and continue in their original form, after being 
deprived of those particles, by which they had been held together; 
and that they should, even after the total removal of these connect- 
ing particles, instead of becoming displaced themselves, stem the 
percolating particles of earth, and be able so to retain them, that 
they should, combined, fia.ithfully represent, as many specunens do, 
the original peculiarity of structure of the wood, was an opinion 
fraught with so many obvious difficulties, that another mode of 
explanatipn was soon adopted. 

'JTie next theory which was proposed, with the hope of account- 
ing for these changes, was that of a substitution of stony, in the 
place of the organised, matter, which was supposed by many of 
those who adopted this opinion, to be entirely removed. Thus 
Berthold says, petrifaction is not a metamorphosis into stone, but 
a removal, by putrefaction, or a precipitation of the vegetable, or 
animal matter ; and a substitution of stony matter, in the same 
banner as happens, in metals — copper being, for instance, some* 
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times thus substituted in the place of iron*, Mr. Walch also, ift 
the supplementary part of Knorr's splendid work on this subject, 
declares his adoption of this opinion to its fullest extent. Different 
species of petrified woods, he says, teach us that all the particles, 
even the finest, ccmstituting the substance of any extraneous body, 
may successively disappear, and be replaced by foreign heteroge- 
neous particles, with so much regularity, that the body, which is pro- 
duced from them, may possess, perfectly, the form of the original 
body; preserving all iis characters, and at the same time not retain- 
ing any at all (aucune de toutes) of its original particles^. To 
the process by which this change is accomplished, Mr. Kirwan, be- 
lieving petrifaction to be thus performed, applies the term, sub- 
stitution; and describes it as — " the introduction of stony, and 
sometimes of metallic substances, into organic bodies, whether of 
the vegetable, or of the animal kingdoms, in proportion as the 
particles of these organic substances are destroyed by putrefaction, 
so as to assume the place, and, consequently, the form and figure, 
of these, as if cast in the same mould. The mineral substances, 
thus moulded, are,"' he says, ** in the most proper sense of the 
word^ called PETHiTAerioisrst.^ 

Mons.Daubenton is of opinion, that petrifaction only takes place 
in those bodies, whose composition is such, that a part of them 
already possesses a stony hardness. 1Such, he remarks, are the 
crustaceous coverings of some animals, shells, bones, scales, mad- 
repores, &c. In these substances, composed of a stony, and of a car- 
tilaginous part, he thinks the following change may ensue, on their 

* De Rebus Petrifectis, &c.-4 Dan. Gothilf. fiertholdo. 1766. 

t Recueil des Monumens des Catastroptes que la Globe de la Tefre a essul^s, &c. 
—commence -par Mons. Wolfgang Knorr, continue par ses H^rkiert, avec rHistoire 
Naturelle de ces Corps, par Mons. Jean Ernest Emanuel Walcb, 1775, tome iii* Pref. 

t Geological Essays, by Richard Kirwan, Esq. p. 137% 
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^ hemg kmg^Ieft in a humid sttuation. The eartliy part will separate, 

and fall away from the cartilaginous part ; and if the lapidific juice 
meet with a body in this state, the earthy particles will enter into 
the cavities thus left in the cartilaginous part, and, by filling them, 
accomplish the petrifaction in such a manner, as to give the body 
the appearance of being still organised. 

With respect to the apparent petrifactions of wood, fruits, &c. 
he supposestfaem to be foraied in the moulds which have been left, 
by those substances, in the surrounding earth, the external surface 
of these bodies* retaining the exact impression of ^ the surroundmg 
mould. But sometimes, he observes, we discover the marks of the 
internal structure of the wood ; and, to account for this, he adopts, 
with Mn Kirwan, the idea of substitutioB. Here, he says, the water 
farriea away, ^radciaUy» the ligneous fibres, and as gradually depo* 
fits, in thdr places^ the atony particles; wMch are necessarily dis* 
posed. in the same oinier, and in the same form, with those of the 
ligneous parts, which have been removed ; since they have been 
distributed. in the same points, and have been moulded in the same 
cavities, which tiie molecules of the decayed wood have left. All 
the substance of the wood is thus, by degrees, removed, and its 
place exactly fiUed by a stony substance, bearing the exact appear- 
ance of the wood itself. These stones, then, he says, are, in fact, 
not petrifactions, but only stony depositions which have received 
the impressions of different parts of the wood : and he concludes, 
that there is no vegetable substance which can become petrified; 
and that petrifaction can only take place in animal substances, of 
which a part already possesses a stony hardness. To prevent any 
mistake on this subject, he observes, that petrified wood should 
possess the distinctive character of wood, by possessing the medul* 
lary productions. It is not sufficient to see concentric layers, it is 
necessary there should be also lines traversing these annual layers ; 
as they are beheld in the transverse section of a tree, from the pith 
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to the bark, and in some trees, as the cork and the green oak, erea 
ki the bark itself ^. » 

The opinions of Mons, Fourcroy^ on this subject, verj much 
resemble those of Moms. Daub^iton. The layers^ he says, of fossil 
wood, penetrated by watery lose a portion of their dissoluble, mu- 
cilaginous, and extractive matter, with a part of the hydrogen, 
which they contained. Hence they approach to the state of a pure 
wooden skeleton ; the e&ternal substance of tl^ woody fibres being 
even decomposed, and taking on the colour and appearance of 
charcoal. It appears, he says, in fact, that, aldiough still w<K>dy^ 
the fdssil wood is approaching to destruction ; and that a still 
longer stay in the ear& would destroy it entirely. With respect to 
petrified wood, or other vegetable matter, he remarks, it is a ^reat 
error to consider it, as a e<mversion of vegetabte matter into silex, 
as the t^m seems to imply. There exists, he sayi^ to be sure, sili- 
cified fossil matters; whieh present to ourview, not ^lily the tex- 
ture of woody in general, but that even of particular kinds of wood : 
but the greater part of such specimens are, he thinks, merely pieces 
of jasper, the fibrous appearance of which imitates that of wood. 
Even in those speciroess where^ besides- ieaiiceMric Itiyen, the ttie« 
dulktry prolongsftions are seen «pi^0»diAg £»)» th^^^t^entre tatheieiN 
eumference, and which ib, he tMnks, tlie only incontestable pta^ 
of the specimen having been woodV it ^ <not to be iiAagined Iftit 
the original w<iody Suhstanee, retaining its f<&nB, texture, and di- 
mensions, is converted iiaitosili^eou^ iwatt^:^it is nec^sSatry, tie 
says, to conceive otherwise of fbssil bodies, bte«ittg the marks^^f 
organization. Wood, leaves, firuit, ind att othw^kinds 4^f vegfctable 
matter, improperly said to be petrified, have^beengmdually de- 
stroyed, almost atom by atom, within the weteartli, where k^ha» 
left a hollow mould, which becomes exactly filled by the %ilidetftfs 

♦ Le9on8 Norinaleg, tome iii. Obsenstttion? mr les Pt^trifieatloit^ 
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^ earth which the water has conveyed thither. Th,us it really is not 

a petrified wood, but only a substitution of siliceous matter, mised 

* with other earths and metallic oxides, in the place of the wood. 

^« This species of silification is then, he adds, a proof of the complete 

destruction of the vegetable matter^ and of the disappearance of what^ 
ever .constituted its elements^ . 

Innumerable objections oppose themselves to the attempt, of 
accounting for the lapidification of vegetable substances, by this 
process of substitution. In what manner can it be supposed that 
a line, smaller than a hair, extending from the centre of a piece of 
wood, to its circumference, can have its original component parts 
taken away, and their places so exactly filled by earthy particles,, 
merely deposited from water, as to preserve its continuity unbroken ? 
If this should, be even imagined as possible, in the instance of a 
nngle line— can it be adipitted that such a regular abstraction and 
supply^ imitating exactly those processes only known to be. per- 
formed by organised parts, could thus take place,r through every 
series of the vessels, and every fibre of the decayed wood; and 
thereby produce an appearance, not in the least difiering, from that 
of the original wood itself. But were even this to be claimed as 
possible, and were it allowed that the form of the wood might be 
thus preserved, and its structure imitated ; how should we, on this 
hypothesis, account for the original colour of the wood being ex- 
actly retained ? Can it be supposed that the original molecules be- 
ing thus removed, that the added particles of earth, derived from 
the surrounding mingled mass, should be so regularly placed, that 
the arrangement, and blending, of the variously coloured particles 
should yield an exact imitation of all the different hues, and of the 
disposition of the characteristic shades of colour, of the original 
wood. In whatever point of view, therefore, the subject is seen, 

* Systeme des Connoissances Chimiques, torn. viii. p. 255. 
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the impossibility presents itself, that such a process, the fortuitouiJ 
disposition of the atoms, by which such a substance would be 
formed, could perfect so exact a resemblance in the figure, struc- 
ture, and colour of an organised body, that the eye, unaided by 
the touchy should not be able to discover the difference, 

' The theory of Dr. Hutton next demands examination. The im- 
pregnation of siliceous fossil wood, he supposes to have been effected 
by injection with flint, in a state of simple fusion by fire. '^ With 
whatever different substances,"' he says, " the woody body shall be 
supposed to have been penetrated, in a state of solution by water, 
the regular structure of the plant would still have remained, with itsr 
vacuities, variously filled with the petrifying substances, separated! 
from the aqueous menstruum, and deposited in the vascular struc- 
ture of the wood. There cannot be a doubt with regard to this pro- 
position ; for, as it is, we frequently find parts of the consolidated 
wood, with the vascular structure, perfectly in its natural state and 
situation ; but if it had been by aqueous solution that the wood 
had been penetrated and consolidated, all the parts of that body" 
would be found in the same natural shape and situation. - This, 
however, is far from being the case ; for while, in some parts, the 
vascular structure is preserved entire, it is also evident, that, in 
general, the woody structure is variously broken and dissolved by 
the fusion and crystallization of the flint*."' 

The first proposition which the Doctor lays down, and with regard' 
to which, he says, there cannot be a doubt, is that " with whatewr 
different substances the woody body shall be supposed to have been pene^ 
tratedj in a state of solution by water j the regular structure of the 
plant would still have remained^ with its vacuities^ variously filed with 
the petrifying substances^ separated from the aqueous menstruunij and- 
deposited in the vascular structure of the wood" The test which the 
Doctor has here proposed for ascertaining, whether the petrifaction 
of wood is, or is not, an operation dependent on aqueous soluticm^ 

« Tbeoty of the Earth, vd. i. p. 61. 
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i^ certainly ^I>e best adapts of any that could be devised; for, a3 
^ implicfd in tb? Doctor's statement* if the jiegular strpcture of Uie 
plant reii^io, witl^ its vacuities^ variously filled with the petri^ing 
subs.tance^> separs^ted ffimk the ajqueous menstruum, and deposited 
in the vasci\lar straptv^i^ o;^ th^ wood ; then the change: capnot have 
been.e^ectedb^f^ny other pepi^ib^^ splution of the 

iippregnating matter* Isfpw, uqt to dwell on. the general evidence, 
whi^h, I think, is yielded by . almost every .sppQimen of siliceous 
wpod ; I will urg^ the more direct evidence which is afforded 
by a particular specimen I possess. In this specimen, inapregnated 
with silex, either by gradual decay, or by the meqhanical action of 
water, the fasciculi of longitudinal fibres, whici^i ^PP^^^ ^o have 
retained their natural colour, seem to have been so loosened in their 
attachments, as to have hiurdiy adhered together, previous to their 
ipiipregnation ; and in somie pa^rts very considerable vacuities have 
been fonned^ In its present state, exceedingly small siliceous crys* 
^als invest every £»sciculus, and lin^ every interstice and cavity, but 
without proceeding so far as to entirely obliterate them, ,^r ip the 
least to. alter the regular structure of the wood ; all the remaining 
parts of which appearing to retain their natural shape and situa- 
tion. 

That such an investiture of crystallization, spreading almost over 
the whole surface, could have been thus regularly disposed, from 
an injection of flint rendered fluid by heat, without obliterating the 
small cavities, and interstices of the wood, by the introduction of 
the melted matter, and without affecting the regular structure, or 
even the colour of the wood, is hardly to be conceived ; whilst the 
supposition of the siliceous matter having been gradually applied, 
from an aqueous menstruum, offers us, comparatively, no diflicul- 
ties to encounter. 

In the concluding part of the Doctor's observations, two positions 
are laid down : first, that if it had been by an aqueous solution, 
that the wood had been penetrated, and consolidated, all the parts 
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of that bodj would be fouiKl in tiie sam^e natural shape and situa^ 
tion ; secondly, that the woody structure is varioudy broken and 
dissolved by the fusion and crystallization of the flint. With respect 
to the first of these positions, it Certainly does appear to be unten* 
able, since matiy specimens of fossil wood bear the strongest marks 
of having suffered much from decay previous to their impregna- 
tion; and surely, from long maceration and agitation in water, the 
pressure of surrounding hard bodies, and the numerous accidents 
to which this wood may have been exposed, previous to its impreg- 
nation, it would not be surprising, if, after its consolidation, by the 
means of an aqueous menstruum, all its parts were not found in 
their natural shape and situation. On the other hand, specimens 
are frequent, in which the natural shape and situation of the part» 
are preserved throughout, even to fibres, distinguishable only by 
the aid of glasses. Here again it may with propriety be questioiied^ 
whether, in this case, the injection of silex, melted by heat, could 
possibly have taken place in this wood, without entirely destroying 
its structure, as well as colour. This breaking and dissolution, in 
some parts of a specimen, the Doctor, in the second poiiition, con* 
siders as attributable to the fusion and cryi^taHijmtion of the flint* 
How this dissolution of the parts of the wood may be accounted 
for, has been endeavoured to be shewn above, in part; and other 
causes, supposed to be equal to the production of the same effect, 
will be soon pointed out* In the mean time^ it may be sufficient, 
to point out the difficulty of suppoMug, the injection of the melted 
flint occasioning the destruction of the vascular structure, in one 
part of a specimen ; whilst in another part of the same specimen^ 
consolidated in the same manner, the structure has suffered litde^ 
or no injury. - 

Professor Playfair states that, " on examination, the siliceou? 
matter is often observed to have penetrated the wood very un- 
equally, so that the vegetable structure remains in some places 




SI? 

entire; and, m other places, is lost in an hcxno^eneous mass of agate 
or jasp^. Where this happens, it may be remarked, he says, that 
the line which separates these two parts is quite sharp and distinct ; 
altogether different from what must have taken place, had the flinty 
maitter he&n introduced into the body of the wood, by any fluid in 
which it was dissolved ; as it would then Imve pervaded the whole, 
if not uniformly, yet with a regular gradation*/^ 

Mn Play fair here undoubtedly speaks, of specimens which he has 
either himself seen, or of those, the description of which, he con- 
ceives, warrants this account. My objections here must be nece&* 
sarily feeble, being only of a negative kind. During the perpetual 
eii^amination, for several years, of specimens of fossil wood, I can 
suty, that I never yet saw one in which the line separating these two 
parts of the specimen was quite sharp and distinct, and different 
from what must have taken place, had the flinty matter been intro* 
duced into the body of the wood, by any fluid, in which it was dis« 
solved. On the contrary, in numerous specimens now before me, 
in which the fibres of the fossil wood are in some parts distinct, and 
in others lost, I seek in vain for any line of distinction, as ^to the 
penetration of the wood with siliceous matter ; but see, in all, no 
difference whatever, in this respect, in that part where the struc- 
ture is confused, or where it is distinct ; nor do I find the least rea- 
son to suppose, that the silex has not pervaded the whole, in the 
most uniform manner. 

" In those specimens of fossil wood that are partly penetrated 
by agate, and partly not penetrated at all,'' the Professor says, 
" the same sharpness of termination may be remarked, and is an ap- 
pearance highly characteristic of the fluidity produced by fusion*.'' 
Here I have again to lament the never having had the opportunity 
of seeing a specimen similar to those which are here alluded to. I 

* Illustration of the Huttonian Theory, p. 25. 
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possess several specimens of agatine, opaline^ and jasperine woods, 
the appearance of the external parts of* which very nearly resemble 
that of unchanged wood ;- but examination soon shews that these 
parts have also been pervaded by the silex. That such specimens 
do not exist, it is not my intention to assert; it is quite sufficient 
to remark, that such specimens would only prove that the petrify- 
ing matter had only been applied to one particular part of the 
wood ; a circumstance of which there certainly exists no reason to 
prohibit the occurrence, in the case of the application of an aque- 
ous solution of petrifying matter. 

Mr. Kirwan, indeed, . quotes an account, that the Emperor of 
Germany, being desirous to know the length of time necessary to 
complete a petrifitction, obtained leave from the Sultan to tkke up, 
and examine, one of the timbers that had supported Trajan's bridge 
over the Danube, some miles below Belgrade. It was found, it is said, 
to have been converted into an agate, to the depth only of half ap 
inch ; the inner parts being slightly petrified, and the central stilt 
wood*. What authority^ is due to this account, I pretend not to 
determine ; but must acknowledge, that no circumstance, to which 
I have arrived at the knowledge of, would have induced me to have 
expected such an event. If the filet be so, it not only is an addi- 
tional answer to the reasonings of Mr. Playfiiir, but proves, as Mr. 
Kirwan observes, that siliceous particles are soluble in water, are 
taken up by wood, and that petrifaction is carried on, under ap- 
propriate circumstances^ in modem times f. 

Having sketched the outlines of those hypotheses, by which the 
process of the petrifaction of vegetable matter has been endea- 
voured to be explained ; and having also stated those circumstances 
which induce me to hesitate, at admitting their sufficiency, I shall^ 

* Juste Gesch. des Erdkorpers, 261. 1 Gerh. Gesch. 222. 
t Geological Essays, p. 140 
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in my next, venture to offer a different e^fplanation of this process, 
aisd sball then proceed to examiiie, whether it agrees any better 
with the appearances which these substances yield. 

Yours, &c. 



LETTER XXXL 

THEORY OF THE PETEIFACTIOK OF WOOD PROPOSED....FETRIFIED 
WOOD, SILIClSOUS, CALCAREOUS, AI^D ALUMINOUS. 

W H I LST endeavouring' to ascertain the nature of the processes, 
% which the iseveral bituminous substances have been formed, it 
was suggested, that the ligneous parts of vegetables, in detached 
pieces, as well as in large masses, when placed in subterranean 
situations, and pervaded by moisture, pass through certain spon- 
taneous changes, from the intestine motion of their particles, and 
the new arrangement of their principles, by which they gradually 
acquire a bituminous nature. In this maimer is formed bituminous 
wood; which, if the process is not interrupted, it is presumed, 
passes into the state of pure bitumen ; or if exposed to the influ* 
ence of certain circumstances, already particularised, a differeht 
modification of its particles ensues ; and jet, or some of the diflfe- 
rent varieties of coal, are produced. But if the superincumbent 
strata be not sufficiently compact, to confine the more volatile mat- 
ters ; if the water be in too large, or in too small a quantity, or not 
sufficiently stagnant ; or if any other circumstance prevent the far* 
ther progress of the bituminous fermentation — the bituminous wood, 
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being now rendered unfit for the food of insects, atnd having ac- 
quired a considerable .degree of durabihty, may remain without 
any farther change for ages. This fact is rendered evident in many 
parts of this kingdom, where trees have been thus preserved from 
a period beyond the tradition of man. 

In this bituminized wood, two circumstances are observable, which 
are particularly deserving notice. The first is, that, although ren- 
dered essentially difibrent in, its nature, it frequently happens, that 
its form has undergone no change, and that the disposition of its 
fibres has suffered hardly any alteration. The second is, that, when 
found in wet situations, its substance is so thoroughly pervaded by 
water, that it may be discharged from it as from a sponge. 

Reflection on these circumstances must shew, that this wood is 
in the exact state which fits it, for becoming a simitar substance,, 
with that which most specimens of fossil wood present to our view. 
The fwm and structure of the wood, with even some of its smaller 
fibres, are curiously preserved; water pervades every part of it; 
and its durability is such, as to ensure its preservation until that 
event happens, on which its consolidation appears to depend — the 
saturation of the water, with which it is in every part imbued, with 
earthy particles, chiefly in a state of solution. These consolidating, 
by the formation of extremely minute crystallizations^ through the 
whole softened mass of bituminized wood, gives it an aluminous, 
a calcareous, or a siliceous substance, without disturbing the exist- 
ing arrangement of its fibres* Thus appear to be formed all those 
fossils, which really deserve the name of petrifactions r and thusi 
perhaps, can, alone,, be explained that curious phenomenon — the 
exact preservation of even the minute fibres of the wood ; still re- 
taining their continuity, and their original characteristic disposition^ 
whilst their substance has undergone a conversion into stone. 

Thus, I trust, may the petrifaction of, by far the greater part of, 
vegetable fossils be explained. . The several species^ and varieties^ 
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dependent on the different substances which have befen thus changed ; 
on the kind of earth, and on the state in which the particles of eartli 
have been deposited, will necessarily be the subjects of separate 
examinations. For although, in almost every case, of vegetable 
petrifaction, the earthy particles appear to have been deposited 
chiefly in a crystalline form, it is not meant to deny, that this pro- 
cess may have been aided by the introduction, and deposition, of 
those fine earthy particles^ which have been merely suspended in 
the water. On the contrary, in, by far, the greater number of in- 
stances of vegetable petrifactions, the combination of both opera- 
tions is easily discoverable. 

In thus endeavouring to account for the formation of most of 
the endless variety of vegetable petrifactions; which, from the 
wonderful appearances they display, and the circumstances under 
which they are founds are considered as, almost, anomalies in na- 
ture, I am aware, that the theory proposed, respecting the idnna^ 
tion of bitumens, will be exposed to a severe test: tried by such 
a touchstone, the degree of estimation to which it is entitled, can 
hardly fail of being ascertained. 

Although convinced of almost the universal agency of bitumini- 
zation, on such vegetable substances as have been rendered sub- 
jects of the mineral kingdom, yet it does not appear to be the sole 
process, by which vegetable matters may have been preserved from 
total decay, a sufficient length of time, to admit of their slow 
impregnation with lapideous or metallic substances. The ligneous 
substance we have already seen, is of so indestructible a nature, as 
to secure its long continuance, in various situations, without under- 
going any material change of appearance ; even after the other con- 
stituent parts of the wood have been removed. This appears to be 
the state in which light rotten wood, or touch-wood, exists : all the 
constituent parts, excepting the ligneous substance, having been 
removed, either by the long continued action of the air, or by some 
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morbid action of the vessels of the wood. If this species of wood, 
therefore, be placed in situations, in which water holding earth in 
solution can permeate it, there exists but little doubt that it may 
become petrified. Another mode by which the mineralization of 
vegetables may be secured, appears to be, that of decaying, but 
comparatively, recent vegetables, becoming impregnated by some 
saline, metallic solution, of iron, for instance, whilst a precipitated 
oxide of the metal fills up the interstices, and involves the whole 
in a confused mass ; as may be seen in the bog-iron of Shropshire, 
and many other parts. 

But, even admitting these instances of variation, I trust you will 
perceive, that the grand agent in the mineralization of vegetables, 
is the process of bituminization ; which readily melts down the lig- 
neous substance — that substance which yields to hardly any other 
process, natural or artificial, and which resists almost every power, 
but that of fire. The examination of the vast variety which vege- 
table fossils yield, and the attempt to explain the circumstances, 
on which their difierent appearances depend, will best serve to shew 
the degree of solidity which this theory possesses, which thus sup- 
poses the process of bituminization, to be the basis, as it were, of 
the petrifactive process by which the greater part of vegetable fos- 
sils have been formed. 

The earths which are -most frequently found to be the chief con- 
stituents of vegetable fossils are silex, lime, and alumine ; and, ac- 
cording to the preponderance of either of these earths, may the fossil 
be distinguished by the term siliceous, calcareous, or aluminous. 
Unwilling to take liberties with the mode of expression which com- 
mon usage has authorized, unless able to demonstrate a positive su-r 
jieriority, in the mode which is proposed to supersede that which is 
already adopted, I will not urge the adoption of such expressions^ 
as pyritified wood, silicified wood, &c. which point out the circum- 
stance, of the substance having been once wood, but having now 
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assumed an eatirel j different nature. I caoaoti however, omit ^Q 
observe here, that such words as do imply a real transmutation^ 
may frequently be employed, without meriting that degree of ceur 
sure^ which we have already seen is bestowed on them, by M. Dau- 
b^iiton; since, although the stony nature of such substances is 
admitted to be merely the result of an earthy impregnation, the 
substances thus impregnated will, I believe, in general, be found tq 
have suffered an actual transmutation— a total change in its nature; 
that which was ligneous having at least become bituminous. 
' As the fossil wood, which appears to exist most abundantly, is 
that which has undergone a siliceous impregnation, and a& the for- 
mation of this species of fossil wood appears to be the most ,diffii- 
cult to be explained, we will take it first into consideration. But 
as its impregnation is here assumed to have been accomplii^ed by 
a solution of the silex, in some aqueous menstruum ; a circumstance 
of which no positive proof can, perhaps, be adduced ; it is^neces* 
sary, previous to entering into a particular, examination of this 
substance itself, to determine what degree of force is possessed, 
by that collateral evidence, to which we are necessitated to have 
recourse. 

So regularly does the earthy matter appear to have been diffused, 
through every part of the changed wood ; and so intimate is the 
union which has taken place, that its deposition from an aqueous 
menstruum, in which it had been held, either in a state of suspen- 
sion, or of solution, appears to be obvious. That it has chiefly 
been deposited in minute crystallizations, which by their regular 
apposition to each other have, at length, formed that continued 
siliceous substance, of which these fossils are in general composed, 
may be almost generally infened, from the circumstance, of most 
of these specimens having their surface invested with a crust of ex- 
tremely minute crystals ; and from a similar investiture, even, sur- 
rounding, in some specimens, every distinct compages of fibres, and 
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Hniog the sides of every cavity, without obliterating them ; whilst, 
in other specimens, similar cavities, and fissures, proceeding from 
a deficiency of woody, or bituminous matter, are filled with a trans- 
parent quartzous mass. These circumstances are so plainly indica- 
tive of a slow deposition, from a solution in some aqueous men- 
struum, that here we might have rested our belief; if it had not 
been asserted, that all these effects might have been produced, by 
the injection of silex, rendered fluid, hy simple fusion^ hy heat. This 
renders it, therefore, necessary, that we should first endeavour to 
ascertain, whether corresponding impregnations of other substances 
with silex, are attributable to the influence of water, or of fire. 

Yours, &c. 



LETTER XXXIL 

SILICEOUS PEBBLES.. ..CONJECTURES AS TO THE TIME, AND MODE 
OP THEIR FORMATION. ...CRTSTALLINE FLUID OP REAUMUR.... 
AGATINE NODULES....THEORY OP THEIR FORMATION. ...OPINI- 
ONS OF DR. HUTTON AND MR. PLAYFAIR.... AQUEOUS ORIGIN 
SUPPORTED. 

X HERE is hardly any one of the combinations into which silex 
enters, but displays some phenomenon to our admiration. The 
sand and pebbles which we tread upon, and which so seldom at- 
tract the attention, are fraught with mystery. Henckel, with min- 
gled perplexity, and wonder, exclaimed, " O Caillou ! Caillou ! qui 
est ce qui fa engendu ? Est ce done qu'il ne seroit possible de se 
faire quelque id6e de la nlani^re que eette fonnatiob se fait ?'" 
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Almost without a hope of adding to what U.> already JknowAf 
respecting these substances, I shall lay before ;yx)u a few .wonk 
concerning the formation of siliceous pebbles; hoping^ . tlnat I sbaU 
thereby, howeverj, make some advancement in a. kaowledgejof the 
circumstances, on which the siliceous impregnations of wood ,der 

Various opinions liave been entertained ^s to the aem of the.for- 
Qiation of pebbles: SQm:e beUeviDg tliek existence to be. coeval 
witib the Cieation ;. others supposing .them to have obtained their 
present forms at the refoitnation of ^e worlds ^ after the. deluges 
whilst others conjecture, that their foonatipn is going on atthe^pre- 
sent day. That many of them have been formed, . at periods later 
than the creation of .the world, is rendered indisputable, by the 
various impressions of organised substances which they bear. The 
strongest evidence which has been adduced as to their more rec^it 
formation, is that of Dr. GK^Gardner^ of Aberdeen, contained in a 
paper published in the Philosophical Transactions'*^; he relates, 
that, ^^ upon the river Don, a little, below the bridge, upon the 
river's mouth, there is a bank, the face of which is broken down; 
and it is full of stones, which one would think were injieri; they 
are all either round or oval, of diflferent size? ; the faces of most of 
them are broken off, they are soft, and will easily rub down with 
your hand; they are of different grits and colours, and are made 
up of different sands and clays mingled together; the clay is soft, 
both to the hand and taste ; in some of them, white, in others, grey, 
though, in some places, the clay and sand are hardened to a very 
considerable degree/' Dr. Gardner proceeds to remark, that they 
bore a very near resemblance to such oval stones, as we see in the 
fields ; and that where they were softest, the bed which each stone 
laid in, was always hard, and of another grit and colour. It is 

* Philosophical Transactions, Vol. XV. N** 175. 
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iitipossible to read this account without suspecting,, that siliceous 
pebbles, in general, may have had an origin, somewhat similar tb 
this. The pebbles of which the padding-stone is chiefly formed, 
generally yield such an appearance, as may be supposed to have 
been the effect of pressure, whilst they existed in a soft state ; and 
we have a curious instance, related by the celebrated Bergman, 
illustrative of this circumstance — a mountain of pudding-stone, in 
the lower strata of which, the pebbles shewed evident marks of 
having suffered compression ; being reduced to little more than the 
Uitckness of half-a-crown. Little margaceous nodules, the mineral 
bezoars of some, composed of various laminae of soft earth, of dif- 
ferent colours, may be frequently found in the gravel-pits in 
England, and in large heaps in several parts of Italy ; appearing to 
differ from siliceous pebbles, only in not having been impregnated 
with siliceous matter* That such an ^ggregaticm of particles of 
clay and sand, as may form a fit substratum of pebbles, may even 
now take place, and that these bodies may attain the forms of 
pebbles by attrition and the action of water, is very probable. In 
what manner that process, oh which their induration depends, is 
accon;iplished, is not, however, easy to ascertain. 

The opinion of Mons. Reaumur, as to the manner in which this 
part of the operation, in the formation of pebbles, is accomplished, 
appears to be not only perfectly consonant with the appearances 
which pebbles yield ; but also with those which are yielded by the 
several siliceous petrifactions, which are more particularly the ob- 
ject of our inquiry*. He remarks, that, by a coarse operation, emery 
is reduced to powder, and suspended in water, for several days; 
but, he observes. Nature may go much further; for the particles 
which water detaches from hard stones, by simple attrition, are of 
an almost inconceivable degree of fineness. Water, thus impreg* 

* Memoires de rAcademie des Sciences, &c. 1181, p. 251« 
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fiated/he^nttpposes, contributes to the fornwtion of pdbfoles, bj 
petrifying of Btone^ as it werei asecond time : stones, already formed^ 
' but remaining, of a spongy • nature, acquiring a flinty hardness by 
iin impregnation with this crystalline fluid. Thus impr^nated, 
•masses of difierent clays, chalks, marles, and boles, become flinty 
stoAes : and thus, he remarks, this crystalline fluid, filtering through 
a porous lime-stone, will deposit its very minute particles, i& idl 
the interstices, existing between the particles of the stone, which 
at last they will quite close up. All the spaces between its mole- 
cules being thtis filled with siliceous matter, which senrp to ag^ 
glntinate the molecules in a compact mass, the stone, he concludes, 
will possess a flinty hardpess; and will exhibit nothing of a gra* 
nular appearance in its fracture. 

From such an impregnation of masses of various eartl^j mattMB 
proceed basaltes, Egyptian pebble^^various coloured jaspero, a^MoiS 
&c. and by such an introdijiction of aliceous matter, in aqueoM 
solution, or in a state of extmnci division, into moderatelj m^ 
and rounded nodules, of different ; combinations <^ the earths, 
variously coloured by metallic oxides, and chiefly by those of ircm, 
are formed those pebbles, whose external coat, difiering from their 
internal substance, distinguish them from the small boulders of 
porphyry, jasper, agate, cornelian, marble, lime-stone, &c. which, 
detached from the rocks, and forcibly agitated by the waters of 
the sea, become rounded by attrition against each other. 

In the present advanced state of chemistry, it is unnecessary to 
dwell on the opinion which has been entertained by M. Patrin, 
M. de Carosi, and others, that chalk undergoes a conversion into 
flint, except for the sake of remarking, that all those apparent 
transmutations, which have given rise to this opinion, are easily 
explained, by supposing a partial introduction of a siliceous fluid, 
in various quantities, into porous calcareous earths 
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Hie numerous impressions of organic substances, such as shells, 
coralloids, spines of ecliini, Scd discoverable in the substance, and 
on the surface, of pebbles, prove these to have existed in a soft 
state ; and render it probable, that these bodies became involved 
in them, whilst the pebbles, yet forming, were gently moved about 
among the exuviae of iparine animals at the bottom of the water. 
By the concentric line observable in many pebbles, the accumula- 
tion of successive coats, whilst in a soft state, is sufficiently proved. 
Hie various plum-pudding stones clearly point out the infiltration 
of a siliceous fluid, which has perfectly cemented together the 
several pebbles, which had before been connected, by interposed 
particles of sand, clay, &c. ' 

Frequently the external surface, or coat, of the pebble, will be 
formed by a hard siliceous crust ; a small part of which being re- 
moved, shews that the remaining substance of the pebble is a soft, 
pulverulent, sometimes argillaceous, and sometimes calcareous, 
matter. In this instance it appears . that the siliceous matter has 
introduced itself only to a certain depth in the substance of the 
pebble ; the rapidity of concretion, or crystallization, having pre- 
vented any subsequent introduction of the fluid. A pebble,' now 
before me, seems plainly to shew, that the process, by which the 
induration of these pebbles is accomplished, is not suddenly per- 
formed. A part of this pebble is covered with a crust similar to 
that with which these pebbles are commonly invested, which termi- 
nates by a strong defined ridge, within which is a substance, the 
appearance of which plainly* marics it to have been the soft internal 
substance, which had been deprived of its crust, previous tD the 
thorough penetration of the siliceous matter. In this are stuck 
about twelve small black siliceous fragments, which, by a subse- 
quent infiltration of siliceous liquor, are now firmly connected in 
one solid mass, with the originally soft internal substance of the 
pebble, a depression existing in one part, formed by one of th^e 
fragments, which has since separated. 






Organic remains, which originally contained a considerable pro- 
portion of calcareous earth, are frequently found imbedded, or in- 
veloped, in these pebbles; and are often so thoroughly pervaded* 
in some parts, by the siliceous impregnation, as to be absolutely 
siliceous ; but, sometimes, the calcareous earth is, in other parts of 
the same stone, still so predominant, and is united with so much 
carbonic acid, as to effervesce strongly on the application of even 
vinegar. Strong evidence of the slow accretion, and of long con- 
tinued application of the indurating matter, in a state of solution, 
to these pebbles, during, and even subsequent, to their having as- 
sfpaied thj^ general form which they now possess, may )}Q fouso4 ui 
a variety of the siliceous pebble, which appears to have 4e(iF€j4 ite 
sliape from an organic body, apparently a species of CQJF^lt w]w|ch 
it has invested • In this pebble, the holes are freqjueodjr k^ 
through which some parts of the contained body have JODOJected. 
But frequently it will also be fouud, that these holes are £iU^ jLip, 
in various degrees, by siliceous matter, shewing the strongest j(p{|ii^ 
of its apposition, from an aqueous solution, subsequent to UWti^* 
mation of the stone : sometimes it surrounds and penetrsUep the «7i* 
traneous body itself, and at other times fills up the hole sq exactly 
as to leave externally only a circular seam ; not much differing from 
the appearance of a cicatrix. Another proof of the subsequent 
addition of siliceous matter, in solution, to pebbles, offers itself in 
the junction of the fractured parts of the boulders of sand-stones, 
for instance, by the interposition of siliceous matter; thus, fre- 
quently, will the fragments be seen to be united by a very minute 
seam : not such as might be supposed to have originally existed in 
the rock of which this stone is a boulder ; but a slight crack pass- 
ing through its substance, and which yields to different degrees of 
force in different pebbles, according to the various degrees of ag- 
glutination it has experienced. Having laid before you some of 
the circumstances which the pebbles, forming the vast beds of 
gravel so frequent in this island, offer in proof of th^ infUi^ic^ of 



water in the procelfe «f «li6eoti8 ivipregotffcion, it htieomw neces- 
sary, in the next j^ace, to determine, whether agates, and agatioe 
nodules, derive their foAQation from tine infljueoce of tiie same 
agent ; since it has been eagerly contended^ by Dr, Hutton and 
Mr. Playfair, that their formation depends on the injection, in a 
state of fusion by heat, and subsequent cooling, of soliceous matter. 
This examination is rendered the more neoeasaxfyhy the latter gen- 
tleman's considering it to be impossible, that the i^eous origin of 
fossils could be recorded in plainer language^ than by the pheno- 
menon displayed in the formation of the agate. Concluding, as 
every appearance, indeed, warrants, that the progress of consoli- 
dation, both in the soUd and hollow agates, has been from the cir- 
cumference inwards, he says, ^^ Now it must be considered that 
these coats are highly consolidated ; that they are of very pure sili- 
ceous matter, and are utterly impervious to every substance which 
we know of, except light and heat. It is plain, therefore, that 
whatever, at any time, during the progress of consolidation, was 
contained within the coats already formied, must have remained 
there as long as the agate was entire, without the least probability 
of escape. But nothing is found within the coats of the agate, 
save its own substance; thierefore no extraneoua substance, that is 
to say, no solvent, was ever included within them. The fluidity of 
tilie agate was therefore simple, and unassisted by any menstruum. 
In this argument, nothing appears to me wanting, that is necessary 
to the perfection of a physical, I had almost said of a mathemati- 
cal demonstration*.'' 

To determine the degree of force with which ;this argument op- 
poses the opinion, that these, and similar bodies^ have originated 
tjnom a solution of silex, in an aqueous menstruum, will, X trusty ^be 
best done, by endeavouring to point out those which appear to be 

'^ UIuatratiQns of tbe HuttooMU) Theoij, p. 7a, 
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the most probable modes, in which these bodies may have been 
formed. - • 

SiUceous and agatine nodules have, either their whole substance 
ft^rmed by a solid siliceouR mara, or the siliceous matter is confined 
y^ to a crust, yarying in its thickness. • This latter kind is termed a 

h^ geadc^ and Is either hollow and empty, or contains substances dif- 

ferent from the crust itself, such as sand, indurated clay, and even 
water,^ If a loose hard stones is contained, within a stone thus 
formed of a siliceous crust, it forms the stone named by the an- 
cients ^EfiVe^, from its being supposed to be frequently found in 
tile nests of eagles ; the contained stone being termed the calUmus. 
If the crust is empty, or contains loose sand, or other earthy sub- 
stances, or is filled by any other kind of earth, it is tenned simply 
a geode: but if it contains water, it is then distinguished by the 
nime enhydros. 

^ It cannot hkve escaped your observation, that the absence of 
water, from the interior of these siliceous nodules is a circumstance, 
on which Mn Playfair chiefly founds his hypothesis; but the fact 
really is, that water is very frequently found in these nodules ; and 
that the stone, thus termed enhydros^ is very frequently mentioned 
by lithologists. The German mineralogists speak of them in such 
a manner, as by no means to imply their being of rare occurrence. 
In Germany, indeed, from the abundance in which siliceous and 
agatine nodules there exist, they might be expected to be met with : 
but even in our own country they are also frequently seen. They are 
found, I am informed, in and about the neighbourhood of St. Vin- 
cent's rock, near Bristol ; and in no crystalline geode, which I have 
seen from St. Vincent's rock, is there a single circumstance to lead 
to a doubt as to their having contained an aqueous fluid. Dr. Plot, 
in his History of Staffordshire, relates, that among the best sort of 
iron-stones, called mush^ are frequently found round, or oval, black- 
ish and reddish stones, sometimes as big as the crown of one's hat, 
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hollow, and like a honey-comb within, and holding a pint of sweet 
liquor; which, according to the colour of the comb within (what- 
ever the stone be without) is either red or white ; and, whether the 
one, or the other, of a sweet sharp taste, very cold and cutting, 
yet greedily drank by the workmen. It b especially found in that 
sort of mine, the country people call the white mincj which yields 
the best iron-stone, where the workmen commonly, upon breaking 
a stone, find it inclosed in the centre, sometimes to the quantity 
of a hogsheady in one cavity, of a sweetish taste, but accompanied 
with a vitriolic, or iron-like twang*. 

Dr. Woodward, speaking of some specimens of enhydri, says*f, 
^^ they were found, amongst many others, in sinking the wells in 
Caen4Voodj whence that water, which we call the Hampstead water^ 
is derived. — I was down only in one of the wells, which they were 
then in digging ; but I saw several of these enhydri, with a pretty 
many pyrites, amongst the earth that was flung forth of the other 
wells. They are of several sizes, from the bigness of a walnut, to 
about two feet in breadth. They are generally of a compressed 
shape; and lessen, or grow thinner, towards the edge, or amhitu^ 
of them, lliose that I saw, lay about fifteen or sixteen feet deep, 
in a stratum of sandy clay. The surfieures of that stratum, and the 
flats or larger plains of the enhydri, lay parallel and level : they 
were all hollow, and usually divided into several cells ; but these 
were uncertain, in their number, figure, and capacity. The parti- 
tions of the cells were rarely very thick. The outer coat was in 
some double, in others triple, and in a few quadruple ; as consist- 
ing of two, three, or four strong crusts, involving and carrying one 
another. The cavities or cells were generally near full of an insipid 
coagulum, or liquor, about the consistence of cream, though ia 

* The Natural History of Staflbrdshire, by Robt. Plot, LL.D. 1686. 

t An Attempt towards aNaturalHistocy of the Fosmis of EDgland, by J»Woodw«nl|,lU^ 
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here and there one, it was a little thicker. 'Twas most commonlj 
of a greyish colour ; but in some few 'twas of a bluish, and in 
others of a blackish hue." 

Whether it be believed, that these several bodies owe their exist- 
ence to fire or water, it will, I conceive, be equally admitted, that 
-they have been formed in cavities, previously existing in the matrix, 
in which they are contained. I suppose, then, that one of these 
cavities becomes filled, by some small aperture, with a liquid hold- 
ing silex in solution; that siliceous crystals foim all round the ca- 
vity, except at the aperture, where there is nothing to attach them- 
selves to ; and that an aperture in some other part allows a regular 
escape of the fluid, by which a correspondent supply is demanded 
from the first-mentioned aperture, until, afters perhaps, the lapse 
of ages, the crystals fill up, from the bottom and sides, to the aper- 
ture by which the fluid was admitted, and form a solid crystallized 
mass, from which the water is excluded. Nor does it even appear 
necessary, for the formation of a solid crystalline mass, that there 
should be more than one opening, that which admits the fluid into 
the cavity ; since the calibre of the opening bearing a proper pro- 
portion to the cavity to be filled, it will remain open until the mass 
of crystallization is completed ; it being reasonable to suppose, 
that the fluid containing the silex would, in consequence of its su- 
perior gravity, be continually supplying the place of that, which, 
having been deprived of its silex, by crystallization, would of course 
tend upwards ; and thus might the cavity become entirely filled by 
crystallization, to the total exclusion of the solvent. The sectionis 
of agatine nodules indeed shew complete and uninterrupted con- 
centric coats, without any such departure from the circular form 
as would point out the opening by which the cavity had been filled; 
but then it is to be considered, that it is only in one particular 
direction, that this could be shewn, in a section ; in every other 
direction the concentric coats will appear perfect and regular. But 
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when the laws on which crystallization depends are considered — 
it being a process in which the suspended molecules are united to- 
gether, by their particular attractive forces, according to certain 
laws regulating their aggregation, and directing the forms which 
they assume, to the exclusion of water ^ except so much as enters 
into chemical union in their crystals — surely it is not contrary to 
reason to suppose, that a cavity may thus be filled by crystallization, 
to the total exclusion of the solvent. Thus, then, I conceive, solid 
agatine and other siliceous nodules may have been formed, to the en- 
tire exclusion of the solvent. 

But this assumed process being even allowed, it must be ad- 
mitted, that the following variations of it must be liable to occur. 
The aperture, by which the cavity is supplied, may be closed by the 
crystals at its sides meeting, previously to the filling of the cavity 
by crystallizations : or, instead of the liquid being admitted by one 
aperture, it may percolate through numerous small openings into 
the cavity. It is therefore necessary to see how the process will be 
affected by these variations. 

The aperture may become closed, under two circumstances : there 
may, or there may not, exist some small fissure, or pores, by which 
the fluid remaining in the cavity, after the supply has failed, may 
drain off. If the former be the case, the hollawy empty y crystalline 
nodule remains; and if the latter, the water is inclosed, and the 
enhydrosj so often mentioned by lithologists, is formed. 

It now remains to inquire, what would be the consequence of 
the fluid infiltrating, through the substance forming the top and 
sides of the cavity, instead of entering by one aperture only. Here, 
as in the other instances, condensation would commence at the cir- 
cumference, or sides of the cavity ; but would go on so slowly, as 
to admit the farther infiltration of the fluid, for a considerable time; 
and the same porosity of the substance forming the bottom of the 
mass, would likewise allow the gradual exit of the superfluous fluid. 

u u 
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The procesii which is thus carried on, in this small cavity, will be 
fi>imd to agree, almost in every respect, witli that, which we shall 

■ soan see has taken place, in caverns adorned with calcareous^ 
stalactites. As in tliose, so the surrounding substance of these 

. smaller cavities differs, in closeness of texture, in different parts ; 
opjKJsing more msistaoce to the inliltratiou of the fluid, in some 
parts than in others : hence the fluid oozes in a partial and irregular 
manner, according to the resistance it meets with. In some parts, 
where the adherence of the particles is loosest, the fluid, loaded 
with suspended earthy particles, slowly collects, drop after drop, 
and deposits its earthy matter in a !>talactitic form ; whilst, from 
those parts, where the resistance to the admission of the fluid is 
greater, the more closely filtrati^d fluid deposits only a coat of diiisy 
crystals, Tlie examination of a polished section of one of these 
crystalline geodes shews the opaque crust, in the closest continuity 
with the transparent siliceous mass ; the crust being more opaque, 

[ as it extends to the circumference, and the internal crystals ac- 
quiring a state of pellucidness, as they reach towards the centre, 
A similar gradual departure from opacity to clearness, efilsctcd 

K much in the same manner, may be observed in the familiar in- 
stance of the crystallized mass, which sometimes forms on the 
external surface of a flannel strainer, which has been employed for 
the filtration of a saturated saline solution. This circumstance is 
particularly observable in the fossil fruits of Mount Carmei^ of 
which we shall have again to speak more fully; the external sub- 
stance of these is generally of a light fawn colour, marked in some 
parts by a dark ochrous tinge ; but the more internal part is white^ 
and is generally completely transparent toward the centre. These 
bodies also, almost always, contain the above described internal 
stalactiform projections, which are covered by a drnsy crystallisa- 
tion. In these crystalline, as well as in the other geodes, water is 
frequeatly foiiiidy formiog aiioi^ species- of the eh%djrM; na^ 
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where it has not been found, very minute, and almost impercep- 
tible, fissures or pores, may, during a long space of time, have 
allowed the liquid gradually to escape. A careful examination of 
these crystalline and agatine nodules, and long reflection on the 
circumstances, probably dependent on their formation, oblige me, 
in opposition to the opinions of Dr. Hutton, and of Mr. Playfair, 
to believe, and almost to assert, that they must have derived their 
origin, from siliceous matter in a crystalline form, deposited from 
its solution, in a fluid menstruum, filtrating into cavities, previously 
existing in the bed, in which these bodies have been formed. 

Whilst endeavouring to trace the operations of nature in these 
processes, imagination, it must be acknowledged, has sometimes 
prompted the judgment j but for this, I trust, I shall obtain an ex-^ 
cuse from you, as well as from Mr. Playfair. In inquiries, respect- 
ing operations performed in very distant ages, and where the ma- 
terials from which our information is to be derived, are really so 
few, and so unconnected;- being snatched, either from the wrecks of 
a deluge, or the ashes of a conflagration, imagination must, if ever, 
be allowed to lend its aid, in the inquiries of science. 

Yours, &c. 
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fitlCXOirs WlTBBS bV CAKL»MATt,»i.Ot lCktiiVI»u»Jt>W' BATH....I 

iiitCkbVB TVtA 09 TSB OBT8BB.»>BbBtAraB CikXiCirX.I».. 

VLIVT IB THB BPIDBBKIS OF PLAVTf; 

*-.!'.', ' . • * * ' 

Sxnird raaMm ta odndtfde, fitom tiiU cMCTimitairttiiil ^Mridkiioe^ 
tJiat <3ie ulioeoiii^ matter dqpouted in seoondftry foasib,^ iw wsdrte 
in. pebblo, ftcJ luu . been held in 8oliitiQii» iii tome aqaoau 4)^- 
•tmiim, it next becomeB necenaiy to inqoiie, bj wbat adv«^ Iftp^ 
sohiticm baa been tobd^^ ^ ' \!r'^^^^ 

^SabeeqiiBot obternitions^^^^^ shewn,' that the ofHai^ itf'il&v 
Beanmnr, in iaron^ of the agency of a tilioeoiv ftuid, is ettebKshed 
on a mnch firmer foundation, than was for a long' time snjpposed. 
The celebrated Bergman first determined the solubility of siiex in 
simple water ; and demonstrated its existence, in a state of solu- 
tion, in the Geyser, and other boiling springs of Iceland. Mr. 
Klaproth^ in the year 17899 first ascertained the existence of sili- 
ceous earth in the boiling mineral waters of Carlsbad, in Bohemia; 
his experiments preying, that in 1000 cubic inches of the main 
spring, 25 grains of silex were contained, in a state of actual solu- 
tion. The quantity of silex contained in the water of the Geyser, 
is even in a much larger proportion, than that which is found in the 
waters at Carlsbad. Mr. Klaproth found, on subjecting the water 
of the boiling spring at Rykum, in Iceland, to his analysis, that a 
hundred cubic inches of it contained, 
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Gr. 

Carbonate of soda .... 3 

Sulphate of soda 5 

Muriate of soda 8.50 

Siliceous earth 9 

25-50 
Being the powder left after evaporation. 

Dr. Gibbes has discovered*, that 10 pints and a half of the Bath 
waters contain about 20 grains of silex, being in the proportion of 
about 15 grains and a quarter to the gallon. This discovery of 
silex, where it was not expected, is shewn, by Dr. Saunders, in his 
excellent Treatise on Mineral Waters, to be of great importance, in 
explaining some apparent errors ia former calculations respecting 
these waters. 

Bergman had, at the first, accounted for the presence of silex, in 
a state of solution, in such waters, to the natural solvent power of 
simple water, aided by heat ; and this, he thought, was alone suf- 
ficient to account for this effect. Dr, Black, who made an analysis 
of the waters at Rykum, which very nearly agreed with that of 
Mr. Klaproth, thought that the alkali was the efficient cause of 
this solution of silex in water^ and that the heat was merely the 
means of promoting it. But the quantity of pure soda con- 
tained in these waters is so small^ when compared to that of the 
silex, as could not be sufficient to maintain the solution of the 
latter. To obviate this difficulty. Dr. Black suggested, that the 
silex had originally been united with a much larger portion of alkali; 
and that, after this solution had been completed, part of the alkali 
might have become neutralized by acids, which had entered into 
combination with the fluid. But, to effect the solution of the silex 
by the means of the alkali, the alkali should es^ist in a pure, or 

* NichoIsoQ*s Journal, voL iii. p. 403. 




caustic state^ of \vhich not the least proof has been adduced; be- 
sides, as it is now rendered m^ident, that water alone possesses the 
power of dissolving silex, it is entirely unnecessary to seek for the 
aid of an alkali. The great degree of heat of these waters may, 
however J be considered as promoting their solvent powers ; since, 
according to the relation given by Uno Von Troil^ in his account 
of the Icelandic springs^ the waters xif the Geyser^ thrown by this 
immense jet of 19 feet in diameter, to the height of 90 feet, are 
still found, when tliey fall to the ground, perfectly boiling hot 
As part of the heat must have been lost during the spouting, con- 
sequently the water must have been some degrees hotter, in the 
subterranean reservoirs. Thus, Mr, Klaproth observes. Nature here 
affords us an instance, in the large way, of what Art performs in the 
small, by Papin's digester; namely, of confined water, even while 
hi its unclastic, dense, hquid state, acquiring a degree of heat, 
surpassing that of its boiUng point- But, notwithstanding he ad- 
mits the power in heat, of promoting the solution ; yet he remarks, 
that experience has shewn, that an actual solution of silcx in sim- 
ple water takes place, not only in springs, the natural temperature 
of which is much inferior to the ebullient heat of those in Iceland, 
but also in several other mineral waters : and even that some com- 
mon sweet-water springs contain dissolved siliceous earth* 

In corroboration of the opinion, that the induration of various 
substances may have been derived from the deposition of siliceous 
mfLtl^t^froTxk its solution in Watet^ t mtilst call your attention tb tHb 
silippous tt^a wWil IS depo^iife^i' by tie Icelandic hot-spiingsr; ki 
the sftmjB manner a^ the calca^^^^ /t{/a is deposited by ihitiM 
springs impregnated with lune^ ;'^ in those cf Mat)6ck. A t^oKdi 
of 60 feet in diameter, thp pviter border of which is 9 feet abbvci 
the opening of the pipe, as well as the pipe itself, which is 19 feet 
in diameter, and which, from its depth being unknown, is consi- 
dered by the Icelanders as' the gate of Jidty are entirely formed by 
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deposition from the boiling water of the GetfHfy which is sometimes 
thrown out, from this enormous opening, to above the height of 100 
feet. This tufa having been analysed by Mr. Klaproth, was found 
to consist of, 

Gr. 

Silex 98 

Alumine 1.50 

Oxide of iron .... 0.50 



100* 

M. Gensanne relates, that in the mines of Cramaillot, in Franche 
Compt6, stalactitic concretions of silex form on the vaults of the 
works, from the transuding water; and that they are sometimes 
found on the timbers of the minef. 

In addition to the proofs, already adduced, of the solubility of 
silex in water, we may notice the circumstance of its having been 
found, in the proportion of 14 grains to 20 ounces, of^ the water 
collected in the cavities of basaltic columns. Its having circulated 
in the vessels of the animal body, and having b^n separated by 
the vessels of secretory organs ; and thus forming, though rarely, a 
part of the human urinary calculus, may also be regarded as evi- 
dence of some weight. But its presence in 'different plants affords 
still more powerful proof of its solubility, since we cannot conceive 
its absorption, its transportation through the substance, and, lastly, 
its deposition in certain parts of plants, but in a state of actual 
solution in the water, with which the plant is nourished. Its pre- 
sence in the ashes of plants is well known. Rumphius relates f, 
that in the island of Celebes, near Macassar, stones are frequently 
found, naturally formed in the wood, and fruits of different trees : 

* Analytical Essays, p. 408. 

t Histoire de Langaedoc, tom^iir p. 28. 

t D'Amboinsclie Rariteit-Kamer. Ill Bock. LXVIII Hoofsdeel, 
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and that tliey are worn by the natives, being supposed by thertT 
to possess extraordinaTy powers; particularly that of defending 
them from the injuries of any weapon, These^ however^ will not, 
alone, afford us any considerable support; since, although the 
learned author describes them mflint-Uke stones, he mentions that 
thoj do not give sparks, and that they effervesce on being placed 
in an acid liquor, Mr, Macie has, however, found a pebble in t!ie 
joint of a Bamboo cane, which was so hard as to allow it to cut 
glass*. Mr. Davy has ascertained, most clearly, that flint enters 
into the composition of the epidermis of bonnet-cane, and, indeed, 
of all cane of this kind. He found that when pieces of this kind 
of cane were rubbed together, strong sparks of white light were 
produced ; and that, when forcibly struck together, the sparks were 
as vivid as those from a gun-lock- The cause of this was placed 
beyond all doubt, by his finding that 22 grains of the epidentiis of 
the cane yielded 9 grains of silex. He also found it in English 
reeds and grasses, in oats, w^heat, barley, &c. in a suflScient quan* 
tity to yield glass with the blow-pipe ; a straw being thus converted 
into a fine globule of glass : the epidermis of the eqtdsetnm hyemale^ 
or Dutch rush, appearing to consist almost entirely of silex-f-. M 

Presuming, therefore, that the siliceous induration of various 
substances will be allowed to have proceeded from a deposition of 
silex, from its solution in water, I shall, in my next, proceed to 
apply this principle, whilst endeavouring to account for the fomaa- 
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LETTER XXXIV. 

PETRIFIED WOOD. ...DIVIDED INTO SILICEOUS, CALCAREOUS, ALU- 
MINOUS, &C SILICEOUS DIVIDED INTO SILIOIZED WOOD AND 

SILICIZED BITUMINOUS WOOD... .THE LATTER, INTO CALCEDO-^ 
NIC, AGATINE, JASPERINE, AND OPALINE. 

JcoR those substances which bear the marks of having originally 
existed as wood, but which now possess a stony hardness, from the 
introduction of different earthy matters, it seems proper to retain 
the term, which long usage sanctions, of petrified wood, LrmaxY" 
LON of oryctologists. This may be divided into different classes, 
according to the predominance of the different earths with which it 
is impregnated : thus petrified wood may be subdivided into sili- 
ceous wood, calcareous wood, aluminous wood, &c. 

ITie nature of these several kinds of wood we shall now^ proceed 
to examine, pointing out the different kinds (genera) into which 
each may be again subdivided, and the several species and varie- 
ties which demand particular observation. Fossil wood, which has^ 
been mineralized by an impregnation with silex, holzstBin of the 
Germans, and which we may term siliceous fossil wood, may 
be divided into two kinds. The first is that, in which the wood had 
suffered no real change in its nature, during its existence in a subi- 
terranean situation, previous to that produced by the siliceous im« 
pregnation. The second is that, in which bituminization had wrought 
its peculiar change on the wood, previous to its impregnation with 
siliceous matter. Of the former kind I know but one instance, 
and that of rather rare occurrence; which is, where the wood, pre- 
vious to having been buried, had undergone that change, which we 
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frequently, see take place in the ligneous part of trees, and which 
reduces tiie wood to that state, in which it acquires the name c^ 
rottenHWOod.^ The wood having been impregnated, whilst in this 
state, with silex, yields an appearance exactly resembling that 'Of 
rotten-wood ; but occasions no small surprise to any one who, tak- 
ing such a specimen in his hand, expecting from its appeaianee to 
ind it exceedingly light, discovers it to be possessed (^ considerable 
weij^t^ from Hie great qiwnttty of silex it contains. Tbeipeoaaea 
figured at Plate If. Fig. 1. is of tbb lond, it havii^ th« pecuMar 
light appearance of rotten-wood, whilst its impregnation with silex 
lilB bieen to sudi a degree, as to-havie allowed it at one end to have 
assumed a very high polish, from die -lapidary's wheel. Sineetiiis 
spedmen has been engraved, I hiave obtained other^spedneiifriof 
diis fossil woodi in whidi- thte loose and shivery texture <af .lottm- 
wood is still more deddedty manifest. This kind o^lbasil wtod 
iqi^^eaiB to be that to which the term of silicbovv woo» mvfhe 
most Ajppropiiatdy appUed. The second kind of tiiiceMi* HMsil 
wood' is that whidi, previous to its impr^puitioft with iHesy iHd 
fmdeigone the change whidi the'bitoAiinoot fenneiitatioii<iii«ltfoi!s: 
iihis'kind of fosnl wood may be termed siLici8Bi»'Bxt«fiiiirovs 
wood; and its several species will be found to have depended 
much, for their general appearance, on the degree to which the 
bituminizating process bad proceeded, in the wood, previous to its 
lapidefaction. 

Bituminous wood, we have seen, may exist in two states :- in one, 
the fibres, although rendered bituminous, and perhaps softer than 
in their original state, have not been so far changed as to run toge- 
ther and destroy the natural separation which exists between them. 
A specimen of bituAiinous wood in this state, dug up at Blackwall, 
is represented at Plate I, Fig. 1. In the other state, the bituminous 
fermentation appears to have proceeded so far, as to have occasioned 
such an approach to fluidity, in the bituminized wood, as to have 
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allowed it to nm together in a mass, by which the ligneous texture, 
and fibrous appearance have been lost. The Bovey-coal, of which 
we have already spoken, and which has been figured in Plate I. 
Fig. 3. is an example of bituminous wood, which has existed in this 
state. In specimens of this wood, its state of softness, nearly ap- 
proaching to fluidity, may be inferred from the fibres, in one part 
of a specimen, being disposed in various distorted directions, very 
difierent from those which naturally belong to the woody fibre, 
whilst, in another part, they seem to have run together in one mass, 
in which every trace of fibrotis texture is obliterated. 

SiLicizED BITUMINOUS WOOD may, therefore, agreeable to these 
two different states, in which bituminous wood has existed, be di- 
vided into those species, in which the bituminizated fibres, having 
retained their solidity at the time of being impregnated with silex, 
have not allowed any diffusion of the matter, of which they were 
constituted, in the surrounding siliceous fliiid, which merely pene- 
trates and involves the bituminous fibres, and fills up all the inter- 
stices, without being itself affected by the bitumen; and into those, 
in which the bituminous mass has been in so fluid a. state, as to 
allow its intimate mixture and union, with the permeating lapidific 
fluid, which thereby assumes, with other peculiar properties, a lustre 
similar to what might be expected, from a mixture of silex and of 
bitumen. The species which seem to have depended on the first of 
these states for their present mode of existence, are, 1st, calce- 
DONic FOSSIL wood; 2dly, agatized; and, 3dly, jasperine; 
whilst all the numerous specimens, whose modification has de- 
pended on the second of these states, may be considered as belong- 
ing to opaline fossil wood. These several species we will now, 
proceed to notice, in the order here observed. 

Yours, &c. 
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LETTER XXXV. 

CALCEBONIC WOOD....AOATINE....JASPEEIZED. 

C'ALCEDON'ic fossil wood appears to be the most simple form, in 
which silicized bituminous wood is found to exist ; and, therefore, 
serves to shew, most clearly, the nature of the impregnation of 
solid bituminous wood with a solution of flint. In this wood, the 
colour and general appearance of which manifests very plainly its 
previous bituminization, the siliceous impregnation, in those spe- 
cimens which I possess, has been such as to have given to them suffi* 
cient hardness to dispose to the conchoidal fracture, approaching 
in some parts to the shivery ; and to occasion them to yield sparks, 
by peroussion with steeK Their external surfieu^e has the whiteness 
of wood which has been long exposed to the air ; but a section of 
them shews the internal substance to be of the colour of dark 
brown bituminized wood. The characteristic difference of this spe* 
cies of fossil wood is, that, although the siliceous fluid has pervaded 
every part of it, it has entered into no other union vrith it, than 
that of penetrating every fibre, and filling up every minute inter- 
I5tice, without dissolving any part of the bitumen, or even entering 
into such chemical union with it, as to allow it to manifest the least 
trace of bitumen, in its lustre, transparency, or colour, in any of 
those parts where the silex has been allowed to transude, and sepa- 
rate from the general mass of the impregnated wood : the silicemis 
matter assuming, generally, in those situations, the mammillated sur- 
face, and that degree of transparency, which is in general displayed 
by siliceous matter, in that form which is termed mammillated cal- 
cedony. In PL II. Fig- 10. is represented a specimen, shewing the 
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whitened surface, beautifully invested with transparent mammillated 
calcedony, appearing as if it had percolated through the substance, 
and had coagulated on the surface of the wood. Plate VIII. Fig. 9* 
represents another specimen, in which the circular cavities, which 
had been formed by the teredo marina^ are filled up by the transuda- 
tion of the uncoloured, pellucid calcedony. At Plate II. Pig. II. 
a specimen is depicted, which appears to have suffered a higher 
degree of bituminization^ in consequence of which the filtered sili- 
ceous matter, witli which it is every where beset, in the form of yeU 
low semi-pellucid globules, appears to have derived some slight 
tinge from the bitumen ; which, in consequence of the more perfect 
state of bituminization, in which it had existed, may be presumed 
to have been in a more fluid state, than the bituminous wood which 
had helped to constitute the two before-mentioned specimens. 
Specimens of this kind of fossil wood are, I believe, rather rare; 
but the separation of siliceous matter, with which solid bituminous 
^ood has been saturated, may be very frequently seen in specimens, 
in which the whole silicized bituminous substance is covered with 
resplendent drusy quartz crystals. Instances of this kind are so 
numerous, as to render an illustration of this appearance, by a 
Figure, unnecessary. 

Ac ATiNE fossil wood. This term may be appropriated to such fos- 
sil wood as possesses a glassy lustre, breaks with rather a conchmdal 
fracture, gives sparks freely with steel, and is either marked by 
spots and illinitions of a bright crystalline matter, with which its 
vacuities have been filled, or has its several surfaces and cavities 
lined with quartz crystals. The blending of the characters of agate, 
and of fossil wood, seems to have been generally effected, by the 
accumulated investnients of the drusy crystals, just mentioned, 
formed by the transudation of the clear siliceous fluid, into the in* 
terstices, and round the surface of the saturated bituminous wood* 
The substance and opacity of the altered wood will, however, ge» 
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.'"^BlifficiS^Mrffeantity OPfBR bituminous wood^ as to have allowed 
the siliceous matter, with which it is involred, to possess a consi* 

tderable degree of transparency : and in the specimen depicted a(f 
i*L VIIL Fig, 3. and 5. of the starry stone of Chemnitz, the tubuli 
are filled with a^tine matter, conspicuously displaying those mark 
which characterize, what is termed, the fortification agate, 
v- Jaspehized wood is never itself transparent, nor has any crystal 
line illinitions^ except such as sometimes appear to have been pn 

I^uced by the filling up of little cracks in the stone, by a subsequent 
infiltmtion of a siliceous fluid. Its fracture is conch oidal, verv 
rarely spUntery ; its lustre is dull, and its hardness varies with its 
proportion of silcx* Tlie general characters and properties are such, 
as readily lead to- a knowledge of the nature of its composition« 
V Hie veined or cloudy appearance of these stones may, in generall 
be very easily traced to the introduction of fine earthy particlei^ 
^ between the detached masses of bituniintzed fibres of tiie fossil 
wood, which have been all consolidated together by al subaeqinat 
infiltration of a solution of silex. The specimen, of whidh the |m>- 
lisbed section is figured at PL IL Fig. .8. will serve to point out 
bow much this opinion, is favoured, by the appearfuioes jidded^bj 
this species of wood« The examination of jaspers has ^hewa that 
they generally contain silez and ahimine, ^and even othe£#«rthst ib 
different proportions; whilst the following essays eorrobemte^tlie 
idea of bituminous matter altering, in a smaU proporti<Hi| into At 
composition of this species of fossil wood. . 

Sixty grains of jasperhsed wood, reduced topowder^ were mixed 
with double the quantity of pnrified^ pot-ash, purifed by Mr. AUan, 
to which was added a suflwient quantity of dtstitted wato^ to din 
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solve the pot-ash. The powder which settled, and which was nearly 
white when dry, but became darker on being wetted, in about four 
or five days, shewed a line of darker matter on the surface of the 
precipitate ; which, during a month, continued to increase, when it 
seemed to constitute, in hulk^ about one fourth of the whole preci- 
pitate. Half this precipitate, added to colourless sulphuric acid, 
evidently darkened it : but willing to avail myself of the kindness of 
my friend Mr. W. H. Pepys, whose well-known abilities would stamp 
unquestionable authority, on the results of his ei^periments, I re- 
quested that gentleman to subject the remainder to an examination, 
for the purpose of ascertaining the presence of carbon. According 
to his obliging communication — the separated precipitate, after hav« 
ing been washed with distilled water, and dried at 212^ Wedgwood, 
weighed 1.3 grain. Upon projecting a small portion in colourless 
sulphuric acid, nearly boiling, sulphureous gas was evolved, and 
the acid slightly blackened. Upon projection of another portion 
in boiling nitrate of pot-ash, gas was liberated,* without sparks, or 
scintillation. There are undoubtedly, Mr. Pepys remarks, difficul- 
ties in ascertaining from what source the carbon may have been 
derived ; the purest, and most caustic, alkali obtaining carbon in its 
treatment with alcohol, which mechanical means alone have yet 
been able to separate. Willing to obtain some more information 
with respect to these volatile matters, which might have escaped at 
212^ Wedgwood, I made the following experiment. 

One hundred and eighty grains of jasperized wood, taken from a 
part where the ligneous form was most apparent, were placed in a 
glass retort, over the naked coals. When the bottom of the retort 
became red hot, a vapour became visible in its upper part, and its 
neck became discoloured by a light brown tinge, several small dropg 
of water collecting in it at the same time. The bottom of the retort 
beginning now to run, the process was stopped. Upon examina- 
tion, wh^n the vessels were cold, the matter which had coloured the 



neck of the retort, appeared to bo in too small a quantity, to de- 
lenniue its nature with any approach to precision. The water had 
very little taste : but both the retort and receiver yielded a very pun^ 
gent, ernpyTeumatic bituminous smell ; which the latter retained fur 
several days. This experiment, though imperfectly perfomied, seems 
to be sufficient to establish the tact, that some remains of bitumi- 
ni^^^d vegetable matter were still present in the jas|>enzed wood. 

However great is the variety in which jasper is presented to our 
observation, there is hardly any ap[>eamnce which it bears^ which is 
not exactly borne by fossil wood. In one specimen of fossil wood, 
now before me, the fibrous texture of the wood is evident, wbilst it 
at tlie same time displays all the characters of the jmpis $mfgmnariA\ 
or bloo<l-stone. Jasper, indeed, manifests so frequently the indu- 
bitable traces of wocjd, as to give room to believe that its origin 
has been derived much more oIlLen fmm vegetable composition^ than 
has ever been supposed. It has often occurred to me to notice^ in a 
Bpecimen of polished jasper, appearances which, though striking, 
conveyed no idea of vegetable remains; but which obviously did 
sOj after the judgment had been aided by the examination of ano- 
ther specimen, which, at the same time that it possessed the same 
^^eral fealisrm, ftAd^banKStem tke IcHfmer apeoinwii^ iinMCiiiliud 
mtxe plaiiily^t^ mwrkft e^^regetabie <mgin. Sp6cii«e» laf 4|atpnB| 
^rHaeh Qxeitc^ ao MyiqpicioB^^tlMk ^i^^endence on vegetafalMbciimh 
position, in the mitiMblof tbase imiiMd t» t^ch inquines ; imM niuofa 
llk|)l»jiildubltft^ thdsejwho lia»» jieen i»4lie 

$»qadaki indeed; wmI iO'SMieh do I find^ tliat^^ibsciw^ 
the light of fhek claim: to such an origin^, tkati c«n lHvdttf«iKi() 
conclttdittg, 4liat most Jmspen owe sonaellinig, in their corapositicm, 
to vegetable matter, 4^anged b3r these ^^roceseea, te whitib It^iMM 
necefisarily subjected after l^imiTerstil deluge. 
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LETTER XXX:VI. 

OPALINE WOOD.r..THE RESULT OF TUE UNION OF SILICEOUS ANI> 

SOFT BITUMINOUS MATTER. 

We shall now proceed to the examination of that kind of sili- 
ceous wood, in which the influence, and, indeed, the presence, of 
bitumen appears to be indubitable. 

Opaline wood, HaUfopal of Emmerling, Quartz-^rerimte xykidfi of 
Hauy, or silicized bituminous wood, is characterized by a peculiar 
waxy, or rather, resinous lustre. Its fracture ig conchoidal,. and ge-^ 
nerally shines with the particular lustre just described. Sometimes^ 
the fibrous structure of the wood which remains will so direct the 
fracture, that the fragments will be linear, or laminated.. Its speci- 
fic gravity is from 2.045 to 2.675 ; and its hardness is such, that it 
will frequently yield sparks freely, on collision with steeL 

In this, as well as the other kinds of petrified wood, we are asto* 
nished at discovering the nice state of preservation, in which the 
fibrous structure of the wood exists, whilst it has undeigone so vast 
a change in the nature of its substance. This,, it has been alreadj 
remarked, appears to have been accomplished by the bituminirar 
tion of the wood itself; by which process, although the disposition 
of the fibres is frequently not at all altered, its nature is changed ; 
and it is rendered susceptible of an impregnation,, with a fluid hold»- • 
ing earth in solution. 

The specimen depicted at PL 11. Fig.7- app^ftnsCrpQgly to coFr 
roborate this opinion respecting the conversion.of th^Ugn^usinto a 
bituminous substance, and its subsequent impregnation with silice* 
ous particles. In that specimen is a knot of the wood, which, difiers^ 
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not in the least, in its appearance, from the knot in a piece of 
recent wood, but is perfectly impregnated with siliceous matter. 
Is it possible, that the change, which this knot has suflfered, could 
have been effected, by an abstractloli i>f the greater part, or, of the 
whole, of its original constituent parts, and a substitution of par- 
ticles of a totally different nature ? Its hardness, aad ito clo^aneas 
of texture, must oppose an insuperable bar to the supposition; 
whilst the mysteriousness of the change is entirely dispelled, by 
admitting the dperation of bituminization, and the consequent ad- 
mission of siliceous matter. 

But another circumstance, peculiar to this species of fossil wood, 
requires a particular inquiry : the result of which cannot but affect 
the opinion just noticed. This circumstance is the peculiar lustre 
which this species of wood displays: its fracture, in general, ex- 
actly resembles that of newly-broken resin ; and, generally, the lustre 
of its. external surface approaches^ as near as possible, to that which 
would have been produced by pouring over it a thin coat of melted 
resin,' or of fine varnish. 

In the specimen of a petrified root, designed in PL II. Fig. S. 
this kind of coating, thinly spread, covers and softens down all the 
asperities of its surface : and in Fig. 3. of the same Plate, the larger 
pores seem to have been diminished, and some of them obliterated, 
by the diffusion of this matter. The rough edge of the specimen. 
Fig. 4. of the same Plate, also derives a bright gloss from this seem- 
ing resinous varnish. 

Struck by this appearance, the celebrated Hauy terms it, as we 
have seen, quartz resinite xyloide^ ; and Mr. Walch's attention was 
particularly excited by this peculiar resinous or waxy gloss^ which he 
endeavoured to account for, by supposing that this petrified wood 
had been impregnated by a peculiar spathose matter ; which had 

* Trait6 de Mineralogie, torn. ii. p. 139. 
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beeQ deposited, whilst in a fluid state, and afterwards congeded. 
Hiere appears, he says, commonly, in this wood, something which 
resembles amber, or rosin ; and which has, by some, been actuall/ 
supposed to be so, and to have assumed a stony hardness. This, 
he, however, concludes is not the case ; but believes that this sub- 
stance, as he had already asserted, must actually be a particular 
species of spar*. 

Nothing certainly, as far as the evidence of the eye can be ad- 
ihitted, can more effectually favour the opinion, that the formation 
of this species of fossil wood has depended on a combination of 
siliceous and soft, or even fluid, bituminous matter, than the pecu- 
liar lustre which it possesses ; which is precisely such as might be 
expected from the mixture of these two substance. Various speci- 
mens, indeed, seem to display the bituminous wood in all its several 
degrees of change ; from its first assumption of a bituminous nature, 
to the acquking of the state of pure translucid bitumen ; and hav- 
ing obtained, in these several states, its present degree of haEdnest^ 
from the introduction of the siliceous matter. In such varieties of 
this fossil wood, as manifest evident and strong traces of the original, 
fibres, there seems to be reason for supposing^ that the wood had 
not undergone the bituminizating operation, to such a degcee as to 
have been thereby rendered a fluid bitumen. But that the wood, 
previous to its impregnation with siliceous matter, had been so far 
affected by its bituniinization, as to have been rendered soft and: 
yielding, is evident from the appearances which specimensi^ of tUs^ 
kind of fossil wood generally yield. Their fibres will generally be 
seen disturbed, and thrown out of thek natural ditectioii ; not as if 
bn^en, but as if displaced whilst in a yielding state, and throwm. 
into gentle contortions, and Bndolatians« A» jidea of what it faen 
fneant may be furnished by a view o£ PU IL. Fig; 7» 

* Beeueil det lifDnitiiienB d^ Quagt/oplBi^ &c. to«i. «!• p..SS^Md S»«. 
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In PI. I. Fig. 1. is represented a specimen of .bituminous wood 
dug up at Blackwall; whilst digging for the purpose of forming the 
West-India docks. This specimen, as is often the case» displays no 
very decided traces of its original form : the fibres iare irregularly 
grouped, and seemingly agglutinated together; leaving proporti- 
onate vacuities between them. Allowing imagination to fully imbue 
this mass, with siliceous matter, a substance resembling the common 
siliceous wood will be formed. The collected bundles of fibres 
will manifest its origin ; and the siliceous matter, preserving its pel- 
lucidity in their intervals, will testify the nature, of the impregna- 
tion, where the original arrangement of the fibres is almost lost. 
Thus may be illustrated the formation of such specimens as are 
represented at PI. II. Fig. 8. and PI. III. Fig. 9- 

In many beautiful specimens of opaline fossil wood, the. fibrous 
substance may be seen passing through various gradations of change. 
On the external surface, as at PI. II. Fig. 9* and at PL III. Fig. 8. 
may frequently be seen the silici^ed fibre, nicely preserved, still 
i^taining its natural colour, and not partaking at all of the resinous 
gloss, observable on the other parts of the same mass ; whilst, as the 
same fibrous appearance enters into the substance of the mass, its 
lines are softened down, by its assuming this resinous-like appear- 
ance, and a much greater mellowness of colour ; and is at last en- 
tirely lost by assuming the prevalent colour and appearance of the 
whole mass. Instances of this kind are frequently met with, and 
may be particularly noticed in the two specimens to which you have 
been last referred . 

This appearance of the ligneous structure, on the external part 
of a specimen, and its gradual disappearance, on the internal part, 
is frequently to be perceived : sometimes also, whilst the external 
part thus preserves the appearance of wood, this appearance will 
almost suddenly be lost in the internal part, which has acquired a 
very high degree of transparency. This circumstance is particularly 
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observable in PI. III. Fig. 8. where the external surface is formed 
by a thin cortical coat, exactly resembling that of the inner corti- 
cal investment of recent wood. Another form, which, in these in- 
stances, the external surface sometimes bears, is that of apparently 
dried, and withered wood, as at Plate II. Fig- 9. Both in this, and 
in the other, the seeming cortical surfaces are pervaded by silex, 
but appear to be but little changed by bituminization ; which may 
assist, in accounting for their not possessing the resinous lustre, 
which distinguishes the rest of the mass: numerous observations 
seeming to point out, that the bark, and dry withered wood, are not 
so susceptible of bituminous change, as those parts, in which the 
woody fibre is abundant, and unimpoverished. 

Another circumstance, hitherto inexplicable, demands next to be 
noticed. In many specimens of siliceous fossil wood, are found 
disposed, in and about it, distinct masses of a substance, bearing 
so exactly the appearance of bitumen, as would leave no doubt of 
its being of that nature, were it not that examination discovers it to 
be a substance, containing a considerable proportion of silex. The 
explanation of the formation of this mysterious substance is, un- 
doubtedly, accompanied with considerable difficulty. After having 
examined it in every point of view, I discover no mode of explain- 
ing its formation, but by supposing it to have beeii actually a fluid 
dark bitumen, which, by the medium of the water, we have already 
seen it contains, has become impregnated by siliceous earth. 
, The general appearance of this seeming bituminous substance 
appears strongly to point it out, as having existed in a soft state : 
some pieces of it appearing as if their eminences had been rounded 
off by slight friction. In the specimen figured at Plate II. Fig. 4. 
which has very much the appearance of a piece of fossil deal wood, 
this black bituminous-like matter almost covers one end, and pe- 
netrates into the substance of the wood, as may be seen by the 
section of the same specimen, at Fig. 5. of the same Plate: the 
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wood having split at the end, as if from dryness ; and the bitumen^ 
in a fluid state, having apparently filled the rifts thus (HX>duoedtf 
This section, being polished, serves also to shew, tiiat boUi of the 
substances, which enter into the composition of this specimen, are 
thoroughly penetrated by the silex : both having acquired the santie 
brilliant polish, from the lapidary's wheel. 

Another circumstance may be mentioned, in addition to those 
which have been already adduced, in confirmation of the opaline 
woods being formed, by the combination of bituminous wood and 
silex; which is, that they sometimes are marked by depressions, 
evidently firom pressure against contiguous bodies; which depres* 
si6ns have every appearance of having been made, whilst the fomil 
wood was about the firmness of wax, or of tallow. In a Specimen 
which I obtained, since the Plates intended for this Work were 
finished, a circumstance occurs, which seems to prove irrefragably 
the fi&cility with which bitumen and silex may thus unite. One side 
of this specimen presents ttie ordinary appearance of bitttaiiKras 
wood, although the whole i^ well impregnated with silex. ^ Onf;tke 
other side, part of the wood had began to suflfer a change inta jet, 
and is also covered, in detached spots, with a substance possessing 
that particular varnish-like lustre which has been so often mentioned, 
but is of a jet black. Many parts of the specimen are sprinkled 
with drusy crystals of quartz, which, in the neighbourhood of the 
jetty part of the wood, are also of a jet black, evidently from tiie 
intermixture of the fluid black bitumen with the silex, of which 
the crystals are chiefly composed. A difficulty may here present 
itself to you ; and you may probably ask why, whilst this varnish* 
like substance is in' all the other specimens variously coloured, it 
should in this be of a jet black ? But I must call to your remem* 
brance, that, whilst endeavouring to account for the blackness of 
jet, it was supposed that the black oxide of carbon (charcoal) was 
formed, by the carbon of the bitumen, attracting to itself the oxy- 
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gea of some neighbouiiog substance ; and, very probably, of the 
sulphuric acid: in agreement with this idea, there exist evident 
marks, in this specimen, of the wood having been exposed to the 
influence of sulphate of iron, . previous to its impregnation by 
silex. 

As siliceous, and evien opaline wood, has been found in almost 
every part of the world, and as mention has already been made of 
many places where it is particularly abundant, all that seems neces- 
sary here, appears to be, to give a slight sketch of the differences 
which have been remarked, in the siliceous woods of various parts. 
Silicized wood has been discovered in various parts of England, 
but seldom any which displays any thing of the opaline lu&tre. A 
specimen, however, which I possess, from the neighbourhood of 
Wooburn, in Bedfordshire^ has it in a considerable degree. 

The petrified wood found in the neighbourhood of Lough-Neagb, 
which has been spoken of in a former part of this volume, is evi* 
dently wood, which, having suffered bitumini^ation, has afterwards 
been impregnated with silex, partially or totally, and in various 
degrees ; and has also, in some instances, become invested by the 
lapidified, surrounding matrix. On examining a handsome specimen 
of the Lough*Neagh wood, in the British Museum, being of that 
kind which has been described as possessing the unchanged, conti- 
nuous with thp petrified wood, I was convinced of its being bitu- 
minized wood, in some parts involved in, and in others adherent 
to, a coarse, hard, a^illaceous matrix. Mr. Barton himself saya^ 
^^ The smell (of the woody part of these stones) is not resinous, yet 
it is a strong smell, when it is burning in a larg^.q^ntity ; and a 
faint smell of the same kind, when only, the stone is burning ; per- 
haps, he says, Uiis is the scent of bitumen^/' The other kinds. 0^ 
Lough •Neagh wood are undoubtedly of the siliceous kind ; he sayfi 

^ Lectures io Natural Philosophy, &c. by Richard Bartoui B^D.. Dublin, 1751, p. S9, &c. 
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of them, " They cleave like wood ; they contain abundance of fire, 
as may be proved by using them as flints, and by rubbing them one 
upon the other, even when they are wet; and they bear the fire 
surprisingly; for although they are easily made red hot, yet they 
neither bum to lime, nor vitrify/' 

In Switzerland, and particularly in the neighbourhood of Bayem, 
beautiful specimens of the silicized bituminous wood are found, 
bearing a very close resemblance to the recent wood in colour and 
figure. In Lithuania a rare kind is found, in which, though it ma- 
nifests no disposition to the transparency, which the opaline wood in 
general shews, it possesses, in some parts, the opaline lustre, and has 
obviously, firom the soft state in which it has existed, had its fibres 
so blended together, in a confused mass, that were it not for the 
knots, which are very evident, its ligneous origin would not be 
detected. Switzerland, various parts of Germany, Saxony, Hun* 
gary, and Bohemia, have indeed hitherto produced the most beau- 
tiful specimens. From the chain of mountains, formerly named 
Taurus, in Natolia, from the neighbourhood of Pergamo, and firom 
some of the mountains of Italy, very interesting specimens are ob- 
tained. The fossil wood of Coburg, in the Circle of Franconia, is, 
in general, very beautiful ; since it equals any in hardness, and is, 
consequently, susceptible of as fine a polish as any ; and, at the 
same time, displays, very determinately, the ligneous texture. Bam- 
berg also furnishes a fossil wood, very nigh approaching, in beauty, 
that of Coburg. 'i'he wood which is dug at Rockenhausen, and 
from the mountain at Kyfliausen, is eminently conspicuous for its 
beauty ; its hardness almost equalling that of agate, and its in- 
termixture with a white earth giving it also the character of jasper: 
an oxide of iron, frequently of a bright red, tints it very beautifully 
in various parts; whilst a few, but decided traces of wood, deter- 
mine the wonderful change which it has sustained. The fossil wood 
of Chemnitz seldom displays very clearly the characteristic marks 
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of the wood ; it giving rather the idea of agate, or of jasper, which, 
in hardness, it fully equals. 

That Saxony and Hungary, whence the noble opal is chiefly ob- 
tained, should abound in those siliceous woods which nearest resem- 
ble the opal in their lustre, is a circumstance which here demands 
our particular attention, since it will yield us some additional evi- 
dence, whilst determining on the question which will next require 
to be agitated. 



LETTER XXXVll. 

EVIDENT AFFINITY BETWEEN SILICIZED, BITUMINOUS, OR OPA- 
LINE WOOD AND PITCH-STONE,... ANALYSIS OF OPALINE WOOD 
....OF PITCH-STONE. ...SIMILARITY INFERRED* 

As that particular character, a waxy, or resinous lustre, is evi- 
dent in those substances which, - though now chiefly fonned of 
silex, display the most evident marks of their having been wood ; 
and as nature does not multiply her agents unnecessarily; it does 
not appear to be unreasonable to suppose, that particular appear- 
ance has been derived, in every other stone which possesses it, from 
the same source, as that which has furnished it to the fossil wood. 
You will already have perceived, that I am leading you, with as 
little abruptness as I can, to the consideration of an opinion, which 
I suspect must demand some little management to secure it a 

favourable reception. That the pitch stones, the semi-opals, and 

the noble opal itself, de^ve their peculiar characters from certaiii 
portions of the vegetable matter, which, having been buried at vety 

z z 
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oonsiderable depths, at the time of the ilelMge, Imi undergone 
ticular change in the combination of its constituent principleg; 
and| in that state, has been irUiniatelj united with silex. We will 
now proceed to examinei how far this position is supported, by tli< 
physical and chemical properties of these substances 

Among the most beautiful and frequent specimens of the opali^ed 
woods, are those which, from their near leseniblance to pitch-stones, 
mineralogists have termed ligkifohm piTCH-STON£&y the quartz 
EEsiNiTE X YLOiDE of Ilauj. In thesc, the characters of wood are 
so distinctly marked, that no one can entertain the least doubt of 
their having originated from wood. The resinous, or waxy lustre, 
which tliey manifest has been already examined, as to the degree 
of evidence it affords of the wood having existed in a bituminous 
state. Their fracture, perhaps, serves also to further prove their 
ligneous origin ; since, although this is in general conchoidal, it will 
frequently^ when longitudinal, be splintery, and even fibrous, in the 
direction of the fibres of wood. Their colours vary very much, 
from milk white, through all the shades of brown and yellow, to 
green, red, and black : but tlicir most frequent colours are those, 
which approach so near to that of the original wood, blended with 
that of common rosin, as to eorroborate Ytroogt j the idea of tbe 
vrood baring been softened down, into a resimfbnn substance, pre* 
▼ioi^ to its impregnation with silex. Thdr Iransparency, whick i» 
sometfrnes such qs to admit light through them freely, an^ evenf 
when in thia slices, such a» to allow objects to be seen througk 
tki»iii, ia a circumstance wiiich it is impossible to acccwnt for in 
My other way so well as by supposing the wood to have been ren- 
dered a etear bitumen during- its ftrst change. A specim9n ^ tkis^ 
kind of pitch-stone, or fossil wood, possessing in its internal put a 
e^msiderable degree of transparency, whilst the CKtemal part bears 
the appearance of veeent y^oodj is figured in Plate III. "Fig. 8. 
The86l fossil woods are also characterized by a circumstance which 
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has excited the admiration of mineralogists, and irhich at the same 
time seems to manifest the intermixture of some substance with the 
silex, which does not seem to exist iikany other stone of the siliceous 
genus — although they appear, from their peculiar kind of lustre, to 
be little harder than rosin, and sometimes give fire with steel with 
difficulty, they yet are more difficult to be scratched than many 
that do. 

The combination of bitumen and silex, in these specimens of 
pitch-stones, and fossil wood, is rendered still more probable, and 
even certain, by the chemical properties they exhibit when subjected 
to the action of fire, and of other appropriate re-agents. 120 grains 
of opaline wood, from the specimen at PI. II. Fig. 4 and 5, were 
reduced to a coarse powder, and digested without heat, for two 
months, with 180 grains of pure pot*ash, and half an ounce in mea- 
sure of water, when the whole of the siliceous matter became nearly 
dissolved, forming a thick liquor silicum ; whilst the sediment which 
remained was considerably darkened, and became exceedingly light 
and flocculent ; bearing the appearance of carbonaceous matter. 

But to render the knowledge of the constitution of opaline wood 
quite perfect, I again had recourse to the abilities of Mr^Pepy^f 
whose excellent report I here subjoin. 

SPECIMEN OF OPAUNE WOOD*. 

Of a splintery fracture — gives fire with steel — takes a fine polish — of ^ brown- 
ish yellow colour. 

^ A portion digested with alcohol, at ebullition, yieldejji no precipitate^ 
nor cloudiness, on mixture with water. 

I S Pulverized, and digested, with concentrated sulphuric acid, nearly boil- 
ing, blackened the acid slightly. 

Projected, with nitre, into a red-hot silver crucible, produced no deSk- 
(I "^ ^ gration, nor appearance of carbonaceous noatter. 

* Plate n. Fig. 4 and 5. 
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Digested with the acids — sulphuric, nitric, and muriatic— ^it prodac 
no change, except^ as before noticed, with tlie concentrated sul- 
^ \ phuric. 

Heated with caustic pot-asb^ in a silver crucible, it dissolved, and ran 
per ddiquiumy on exposure to the atmosphere. 

THE ANALYSIS, 

A 

100 grains of the pulverized substance was heated with 200 grains of caustic 
pot-ash, in a silver crucible. The mass was then dissolved by 12 ounces of 
distilled water, and 6Itered, 

B 

To the solution a, nitric acid was added, as long as a precipitate formed* 
It was then farther diluted, boiled, and fihered* The precipitate obtain^ 
dried at 21^ ^ weighed 126 grains: heated to redness, 110 grains. 
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As the precipitate b might contain a small portion of the pot-ash, it ijvas 
boiled with 200 grains of marine acid, diluted, and filtered : when heated to 
redness, weighed 94 grains, 

D 

The filtre of the process a contained no extraneous matter* The solution 
of nitrate of pot-ash b, being completely neutralized, was crystallised; and 
from the mother liquor a precipitate of sUex was obtained : weighed 1 .5 grain. 



The solution of muriatic acid c was neutndiized by carbonate of pot-ai^, 
flid fK>iled s and proved ^ee from precipitatip 



100 parts of opal wood contain 

Qraiiif. 
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Anxious to have the presence of carbon v in the opaline wood, still 
more plainly manifested, I again troubled Mr. Pepys ; the result of 
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whose obliging arid ingenious labours I shall give you, in his own 
words ; only omitting his well-adapted contrivance, for conducting 
his experiment with security and effect. 

DEAR SIR, 

Conceiving that a portion of the opaline wood being mixed 
with twice its weight of purified nitre, and exposed to heat, if carbon was 
present in the stone, it would unite with the oxygen of the nitre, and produce 
carbonic acid gas, I proceeded to the following experiment. 

Into a coated glass retort, with a conducting tube entering a bottle of lime^ 
water, 50 grains of fossil wood, and 100 of nitrat of pot-ash, were introduced ; 
and it was then surrounded with heated charcoal. After the expansion of the 
atmospheric air, an absorption took place, from the fusion of the nitre ; this 
was guarded against, by lifting the conducting tube from the water ; as soon 
as gas wa§ liberated, it was again immersed, and a copious precipitation, and 
cloudiness of the lime-water, ensued. This continued for some minutes; it 
was then succeeded by the liberation of oxygen gas, with nitrous gas, occa- 
sioning no precipitation in fresh lime-water. In 36 minutes the retort was 
perfectly white hot, and slight absorption began to take place : the retort was 
then removed, and when cool was broken : the mass was found strongly agglu- 
tinated, possessing a tinge of pink. 

I am, with sincere respisict, yours, 

W. H. PEPYS, jun. 

The presence of carbon having been thus proved, my next eager 
wish was to endeavour to discover the nature of this substance, 
which thus contained carbon. as a principle; entertaining an ex- 
pectation, that some evidence would appear, that it was vegetable 
matter, which had undergone the bituminizating process, or, fer- 
mentation : I therefore requested Mr. Pepys, without mentioning 
my conjecture, to submit a portion of similar fossil wood, with that 
which had been employed in the foregoing experiments, to simple 
distillation, over a naked tire. This request was kindly complied 
with, and the result appears in the following letter. 

SIR, 

Agreeable to promise, I have made the experiment you requested. 
250 grains of the opaline wood were pulverized^ and placed in a coate4 
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glass retort ; to which a tubulated receiver, with a conducting pipe^ leading 
into a bottle of lime-water, was luted. Gradual heat being given, rarefied 
the atmospheric air in the vessels, which passed through the lime-water; in 
15 minutes this ceased, and the retort being red hot, a small quantity of 
water dropped from the beak into the receiver ; and, as it there collected, an 
oilif. Of sublimated film, appeared on its surfe,ce. The strong:est heat of this 
furnace was continued about an hour j when evident absorption taking placej 
and the distillation ceasing, the operation was stopped. Upon opening the 
receiver, a strong enipyreumaiic smell was observed. The liquor obtained has 
a dull ytJlow colour, with small scales on its surface, and in quantity about 
20 drop^; the greatest part of the scaly substance adhered to the receiver on 
pouring out the fluid. The substance in the retort was still pulverulent^ but 
much more white than when introduced. The liquid shews no acid properties, 
by the test of litmus paper, or violets, 

I am, with much respect, 

W, H. PEPYS, jun. 

The 0%, or sublimated film, and the strong empyrmmatic smell, 
afford some reason for believing in the presence of bitumen in this 
opaline wood ; but anxious, only for the discovery, and communi- 
cation^ of the truth, I wish you to suspend your opinion, until your 
judgment has been aided by other corresponding experiments, 
which I shall now adduce. 

Common pitch-stone^ that which displays no obrioils tracd of 
woody halbapat of Emmerliiig, and, from its resinous or phchj 
lustre, thepkrrt de cohpkane of. De lisle^ atid the pierre dep$ist af 
Daubenton, differs in no respect 'from the farmer kind,^ excef^ in 
the absence of those tn^sin^ich gire to that a^^reisembliinte to 
wood. Believing tUs ibt depend merely on; tbe bituminous wiopd^ 
which enters into the composition of tbk Itfiter subs^te, hairing 
become so'Anid as tohave^ bad the remains of its fibrous structnre 
quite melted down, whilst in the former soine of the fibrous struc- 
ture remains, I conceive it not entitled to be considered as of a dif- 
ferent family from the former^ as has been done by Mr. Kir wan, 
and other mineralogists. In jwroof of this optnron, we often see, in 
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the same specimen, in one part» distinct fibroiiB appearances; in 
another part of the same substance, the fibrous appearance, we 
perceive, is quite lost; and> in the intervening part, the gradual 
departure from a striped, to quite a plain appearance, may be ob« 
served : whilst frequently the existence of the soft bituminous state 
will appear, from the wavy and contorted directions of fibrous 
stripes, which are indubitably of a ligneous origin. Nor does any 
difierence of physical properties exist between this and the ligni* 
form pitch-stone already described. With respect to their chemical 
properties, there exists a very close agreement^ as will appear from 
the following experiments. 

Mr. Pepys exposed 50 grains of pitch-stone, and 100 of pure 
nitrate of pot-ash, to the same treatment as he had subjected the 
same quantities of oi>aline fossil wood and nitrate of pot-ash, and 
reported that the. phenomena which resulted were precisely the 
same. 

At Menil le Montant, also at Saint Ouen, near P^ris, and in 
several other parts of France, have been found a stone which is 
of a greyish colour^ sometimes mottled with blue on its surface^ 
opaque, generally of a tubercular form, and shewing at its fracture 
a slight lustre of the greasy kind. It was first described by Delabre 
and Quinquet, who very properly considered it as a new kind of 
pitch-stone ; its hardness, specific gravity, and fracture, as well as 
its kind of lustre, warranting them in this opinion*. It was named, 
from the place where it was first found, Menilite, and was consi- 
dered as a variety of the pitch-stone, being therefore termed, by 
some, blue pitch-stone : but it has been supposed by others to be- 
long rather to the magnesian genus of stones, such as the pot-stone, 
steatites, and serpentine. 

The experiments of the justly celebrated Klaproth, which induce 
him to consider this fossil, as a variety of the semi-opal, approach- 

* Journal de Physique, Sept. 1787, p. 219. 
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ing to flint (fmcrstein^erve strongly to corroborate the opinion I 
have offered, of substances possessing this peculiar lustre, deriving it 
from an impregnation with bitumen, and are in full accordance with 
the experiments of Mr. Pepys. Mn Klaproth introduced 100 graini 
of this substance into a small glass retort, inserting its neck into a 
bottle containing lime-water, llie retort was placed between the 
coals, or in open fire, and the heat gradually increased to the igni- 
tion of its contents. At the very beginning there passed over some 
drops of water, and soon after the lime-water in the receiver became 
turbid. In this last, when the receiver was removed, a bitummmiS' 
empyreumatic smell was perceived, which at first also seemed to be 
somewhat ammoniacah The pieces of the stone, in the retort, 
were rendered black, and resplendent like jet ; but by a still longer 
ignition, in an open crucible, they lost that black colour, and be- 
came at first bluish, then grey white, losing, at the same time, three 
grains more of their weight*. 

The result of this operation, and particularly the bituminom'em' 
pyreiimatic smell, afford pretty strong evidence in favour of the 
supposed nature and constitution of the substances of this genus. m 

Yours, &c. 



m 






* Analytical Essays, by M. H. Klaprotb, p. 45S. 
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LETTER XXXVIIL 

SEMI-OPAL. •..EXPERIMEU^T ON SEMI-OPAL OF TELKEBAN VA...* 
OPAL.... ITS WONDERFUL PROPERTIES... .ANALYSIS BY . KLAP- 
ROTH....HORN-STONE ANP FLINT. 

1 HE SEMI-OPAL is the next substance which, possessing this 
kind of lustre, demands our attention: but, previous to making 
any remarks on the nature of its constituent parts, it will be neces- 
sary to determine the propriety of placing it among those substd.nces 
which possess the peculiar lustre, which I have supposed to belong 
to those substances, which are formed by an intermixture of bitu- 
men with silex. The reason for instituting this inquiry is, that 
Mr. Kirwan describes the lustre of the semi-opal, and of the opal 
itself, as being of the glassy kind; which, being adpiitted, would pro- 
hibit both these substances from preserving the rank, which is here 
allotted them. This character, however, a glassy lustre, I believe, 
with the utmost deference to Mr. Kirwan, jis not the legitimate lustre, 
at least, of the real external surface of the opal, or of the semi-- 
opal. The lustre of its fragments, indeed, may be, and that which 
it receives from the polish of art generally is, of that description : 
but in an hydrophanous opal now before me, which, when dry, 
resembles a piece of white wax, and when in water is transparent, 
and resplendent with purple and a vivid green, thejustre, even of 
its polished surface, is decidedly resinous ; and, most, undoubtedly, 
the lustre of the actual external surface of the opal, that which was 
in contact with the matrix, is almost always of the waxy kind. The 
matrices, also, both of the opal, and of the semi-opal, present 
appearances, very strongly indicative of the presence of bitumen : 

3 A 



■ln^V. 





I detached spots will be frequently seen on them, in the neighbour* 
hood of the opal^ presenting an appearance, very nearly resembling 
that which %voiild be produced, by the spread of a fine resinous 
varnish. I should have been much more disposed to hesitate, in 
thus opposing Mr. Kirwan, on a mere object of sense, if I had not 
been supported by one of the latest authorities, on such a point, 
the Abb4 Hauy, who places the opal, the semi-opal, and the hy- 

. drophanous opa!, among those substances which, from their lustre 
resembling that of newly-broken resin, he distinguishes by the ge* 
neric term of quartz-remiite. 

^ Tlie analysis of Mr, Klaproth having been made, chiefly, with a 
view to the ascertaining the nature, and proportion of the earths, 
contained in the substances he examined, the first part of his opera- 
tion was, generally, ignition, in an open crucible ; by wbich the water, 
and other volatile matters, must have been indiscriminately dissi- 
pated. Such was the mode in which he made an examination of 
the brown-red semi-opal of Telkebanya ; and even thus a circum- 
stance occurred, which did not escape his nice observation, and 
which tends strongly to evince the probability of this semi-opal 
containing a portion of that matter, on which I presume the pecu- 
liar lustre of substances of this class depends, Mr, Klaproth was 
surprised to fiiid^ on ignitihg ^w sutiMailce iil t1i6 clajKHf^tM^l^ 
tlbat its wliole siiFiy;6 Wite^G^i^<#ith4iic^^ scaly f^rrttgiAd4$ chtiXj 
6f a aietaUic lusfre, and ^ractible hf the kiAct-dtoiie. This, Mr. 
Klaproth 6ays^ k^ ind^d, an imexpect^ (iheiicuieiioA ; i^heik^ 
the more rensarkable, ihlAtitohy So S^rbngjy biidisd,^ it is #h€iQf 
contained in this fossil, was, in this inst^nice, it^dticed to 1^ 
reguiine state, so as to obey the magnet; and ti^, without any 
admixture of charcoaly or any other substance of a nearer affinity 
with oxygen^. If I were eonitnuned to r«st t^ support of the 
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opinion I have formed on any single experiment, I hardly know any 
which I should prefer to this of Mr. Klaproth's, According to the 
opinion offered, this substance does contain bitumen, into the com- 
position of which carbon enters, in an abundant proportion — and,-by 
the experiment, an effect is produced which excites the astonishment 
of this excellent chemist ; because it is that effect, which he would 
have expected from the presence of charcoal ; which he had no 
conception entered into the composition of the substance, which 
was the subject of his experiment. Having obtained' this satisfac- 
tory evidence, from the analysis of the semi-opal ; the task remains 
to ascertain, whether any traces of this substance are to be disco- 
vered, in the opal itself. 

The OPAL, opal edler, gelber opalj Werner, the noble opal of 
some, and the oriental opal of the jewellers, in addition to the 
general characters which distinguish this class of fossils, possesses 
the astonishing property of displaying, in a strong light, the most 
vivid and beautiful colours, which continually play on the eye, with 
varying splendour, on the least change of position. From that 
spot which, the instant before, shewed a beautifully bright green, 
or purple, a rose-coloured flame suddenly darts forth, forming what 
the amateurs of this stone term, th6 Jive of the opal. But descrip- 
tion can furnish only a very imperfect idea of the brilliant display 
of colours, yielded by this admirable, and inestimable jewel. Our 
admired poet Thomson appears to have succeeded, as far as the 
powers of language could enable him. It is in his address tq the 
Sun, where he thus speaks of the wonderful properties of this highly 
elaborated work of nature. 

The Hnfruitfal rock itself, impregnM by thee, 
In dark retirement forms the lucid stone :. 
The lively Diamond drinks thy purest rays, 
Collected light, compact, that polish'd bright, 
And all its native lustre let abroad. 
Dares, as it sparkles oa the fidr one^s breast, 
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With vain ambition emulate her eyes. 

At thei2 the Mubj/ liglits its deepening glow. 

And with a waving radiaoce inward flames. 

From thee the Sapphire^ solid ether, takea 

Its hues cserulean ; and, of ev'ning tinct. 

The purple streaming Amcthysi is thioc. 

With thy own smile the yellow Topa:^ burns: 

Nor deeper verdure dyes the robe of Springs 

When first she gives it to the southern gale, 

Than the green Emerald shows: but ^LL COMBINE, 

Thicfc through the whitening opal play tliy beams ^ 

Or, flyiiig several from its surface^ form 

A trembling variance of revoMng hues, 

As the site varies in the gassci^s hand. 

Seasons, Summer) i 140, 

MTp Klaprotb, having subjected the noble opal, both in its ordi- j 
narVj and in its bydrophanous state, to the test of bis accurate 
examinations, is induced to conclude, that the diflference between it* 
common flint, and rock crystal, is only that which depends, on a ^ 
difference in the state of aggregation*. From this same examina- 
tion, I am led to make a widely different inference ; and to con- 
clude, that the same bituminous matter, which has been assumed' 
to be present in the other stones of a waxy lustre, is also present 
in the opal; and that it is by its admixture with the simple, pure, 
siliceous earth, that the opal is produced. In two of Mr. Klaproth's 
experiments, which, being made merely to ascertain the nature of 
the earth existing in this stone, prove the quantity only of its vola- 
tile |larts» the reai constituent parts of the opal are shewn to l^je,. 
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Water, and other volatile matters 
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Another experiment was made on one of those varieties of the 
opal which are known by the names hydrophanesy changeable opal^ and 
aculus mundiy which, besides possessing the remarkable property of 
becoming transparent in water, and other fluids, are eminently 
distinguished by manifesting, in that situation, the beautiful play, 
or change of colours, peculiar to the opal. This analysis was made, 
under those circumstances, which were calculated to yield some 
knowledge of the nature of those constituent parts, which had been 
dissipated, without examination, in the two experiments just men- 
tioned ; and therefore is the experiment, on which might, almost, be 
allowed to depend the decision of the question — whether any thing 
of a bituminous nature enters into the composition of the opal. The 
result of this experiment is strongly aflirmative of this fact ; and,' 
indeed, seems to confirm the opinion I have ventured to advance, 
in a most striking manner. You must have perceived that I have 
been regularly led on to the supposition of the presence of bitumen 
in opal, by first noticing the impregnation of bituminous wood with 
silex, by which was formed silicized bituminous wood ; then tracing 
this into the opalized wood and the pitch-stone; thence' to the. 
semi-opal, and at the last to the opal itself: you will therefore 
readily conceive the satisfaction yielded by the analysis made by 
Mr. Klaproth, which afforded a result at once so unexpected, atid 
decisive ; and so precisely accordant with the experiments of Mr. 
Pepys, on opaline wood. 

One hundred grains of the hydrophanous opaJ of Saxony were 
coarsely divided, or bruised, and- ignited upon red-hot coals, in a 
small glass retort. At the end of this process there appeared, in 
the receiver, an empyreumatic water ^ covered with a thin greasy peU 
lick. The loss of weight arising from this was 51 grains. Pursuing 
the analysis, Mr. Klaproth was enabled to ascertain that LOO parts 
of the hydrophanous opal, from Saxony, contain, 
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Gr. 

Silex • 93-135 

Alumine • 1.625 

Volatile inflammable parts, and water , • • 5.250 

100* 

The opinion which I have ventured to ojOFer, respecting the tran-. 
sition, if I may be thus allowed to employ the term, of bitumen, 
into the noble opal, appears to be corroborated^ and the fact to be 
illustrated, by another modification of bitumen and silex, in which 
the union of these two substances appears to be incontestable. In 
the specimens in which this combination occurs, and which evidently 
are of vegetable origin, the external surface presents evident marks 
of wood, which appears to have undergone but a slight degree of 
bituminization. This ligneous coat is, in some parts, not more than 
a sixteenth of an inch in thickness, and in some parts is so thin, as 
merely to give the appearance of a film ; adhering to a flinty mat- 
ter, of which the substance is formed. This substance differs in no 
respect, in its appearance, from common flint (gun^fiint, feuer- 
steinjj except in being more dull and opaque ; as if it contained a 
portion of dark^^oloured bitumen, or petroleum : this appearance 
being rather more conspicuous, towards the external surface; it 
gradually assuming the appearance of common flint ; and, acquir- 
ing a greater degree of pellucidity and transparency, as it reaches 
the interior surface : and, in one specimen, it there assumes the 
form and appearance of a calcedonic stalactite. 

The film, or coat, bearing indisputable marks of ligneous origio, 
whilst the rest of the mass appears to be formed by the blending of 
bitumen and silex, offers an appearance, not to be explained, without 
some difficulty. An analogous circumstance is frequently obscrv^ 

* Analytical Essays, p. 444. 
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able in pieces of asphaltum and jet ; the bituminous change being 
entirely completed, except at the surface, where the texture, and 
sometimes the colour, with the other characters of the wood, will 
be manifest. This ligneous appearance, as in the case above men- 
tioned, is generally merely superficial ; although sometimes, indeed, 
the fibrous appearance will extend for a quarter of an inch, or more, 
into the mass of bitumen. The explanation which will be satisfac- 
tory in the one instance, will also suffice for the other. We are, in 
the first place, necessarily led to the conclusion, that, by the influ- 
ence of some adequate cause, the surface of the wood hkd been 
rendered less susceptible of the bituminous fermentation, than the 
other part of the wood, and has therefore remained unaltered, whilst 
the other part has completely undergone the bituminous change. 
The causes to which this may be attributed, are either, first, a na- 
tural disposition in the exterior surface of wood, and pariicularly in 
the bark of trees, to resist the influence of the bituminous fermen- 
tation : secondly, the previous impregnation of the external sur- 
face, with some earthy, or metallic saline substance, which might 
render it incapable of undergoing the bituminous chawge, so de^p 
as that impregnation might extend itself. This opinion is strength- 
ened by the specimen, Plate III. Fig. 8. in which the internal part 
is opalized, and rendered nearly transparent, whilst the external 
part has the appearance of wood itself, and is marked externally, 
in several parts, of a blue colour, as though it were impregnated 
with carbonate of copper. 

In the specimens above ndentioned, in which the conibination of 
dark-coloured bitumen and silex is apparent, analysis Appeared to 
be unnecessary to prove the presence of the bitumen, it was there- 
fore omitted, especially as it could not have been accomplished 
without injuring two valuable specimens. 

The examination of specimens of this kind, and of their transi- 




tions, in such a manuer as to ascertain what volatile matters enter itito 
their com position, would, perhaps, shew the unexi>ected presence of 
bitumen both in horn-ijtone and flint. When it is considered how 
numerouji the substances are, into which tlie transition of fossil 
wood may be traced, a wide field opens for similar inquiry. Indeed, 
wliilst contemplating a siliceous mass, which accompanied, and was 
even blended with stlicized bituminous wood, and which emulated 
the emerald in its lustre, and beautiful green colour, 1 have been 
prompted to suspect that some of tlie coloured stones might, 
perhaps, be indebted to vegetable deconi position, for the charm- 
ing hues which they display, 1 feel so much assured, that, from 
the application of the powers now possessed by cheniislry, in tlie 
examination of mineralized wood and its transitions, a rich har- 
vest would be yielded ; tliat it is with regret 1 reflect on my own 
want of opportunity for so interesting a research. From such in- 
quiries we should learn the real nature of the various colouring 
matters, with tvhich these substances axe so pleasingly tinted ; and 
be enabled to determine whetlier they depend at all on modification 
of bitumen, or are derived from metallic substances alone. The 
fossil woods would themselves thus furnish ample matter for investi- 
gaticm ; since thejai^ frequentlj variegi^ted widi tliq most pl^lsiqg 
cf^loura; amongst which may be particullMriflP^^ be^d^es tl^e |ii<»piii 
no obviously derived froxn bitumeo, and w^hieb is often ^iveq^d by 
a rich find Imghtyello^ ;-**-greiep, from thf^ 4iuc^^t icrfi)^:t0:llie|suBt 
sea-green ; — and red, from the faintest pinlc^ jdmost taimeismi^ l^^ 

It is tn^ tha^, on ei^miiiii^ a vei^ quni^W^^s^^ 
Dodttle of flint, containing a piece of siliqized WfiOd ta il^^ceiitiei 
little or no increase In tbe darkness of its cel^iif is obserfaiite in 
the flint wbidi immediately surrounds the wood* But Ibis perl^M 
may be accounted for, by the wood having been of that light, whitei 
imd shivery kind, which, as has been already t>b»er¥ed, is not liid[>le 
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to undergo much change from bituminisation. Xts colour is now 
of a very light grey; and therefore, as it has been most probably 
penetrated by the dark siliceous fluid of which the flint was formed^ 
its original colour may be reasonably supposed to h^ve been very 
nearly approaching to white. 

Yours, &c. 



LETTER XXXIX. 

CALCAREOUS WOOD. —LIME FREQUENTLY HELD IN SOLUTION, IN 
WATERS—VARIOUS FORMS OF DE POSIT ION... .CO^FiSTrO DI TiVOLt 
....QUARRIES OF TUFACEOUS STONB....8TALACTITIC CMlVERNS. 

Jl H £ mineralized wood, of which we shall treat in this Letter, is 
of such a nature as will not oppress us with such difficulties, whilst 
endeavouring to ascertain its mode of formation, or the nature of 
its constituent parts, as were opposed to our inquiries, respecting 
the same subjects, whilst examining siliceous wood ; since the na- 
ture of the mineralising matter is such as to allow its removal by 
such agents, as will not act so destructively on the vegetable mat- 
ter, which forms the substratum of the fossil. 

.. Calcareous wood, wood impregnated with lime, is neither so 
hard nor so heavy, as siliceous wood; it may be scratched by a 
knife, even in its hardest parts; and in some parts will allow of 
being cut, almost like recent wood : its hardness, and its gravity, 

3b 



de;«iiilmg'6ir tlie d«gK^ uipregutba^itbietithypartid 

iAiv^of coufse Tariable -tod indetMHriMite. l£;expiMed to Ifae actioii 
•tee^Aiaefal adchb'itoBtMy'puti aie dMolfedimtb ftfon^ 
«Hl ' the veg^ble puH^ we left: bj: the aBtion lef -fin ithe stoiqr. 
pfuts are reduced to pure lime, whilst .the.¥eget»bkiiMitter.itffa^ 
fumed; 

As in the siliceous, so in this species of fossil wood, it is evident^ 
that the lapidifjring matter has been deposited from a fluid holding 
it in a state of solution. Pursuing, therefore, the same coofse^ as 
was chosen, whilst endeavquring to determine the mode in which 
ttlkeous wood had been formed, we will endeavour to discover Jhe 
source oif this impregnating matter* But little difficulty, Jiowercrf 
ptescmts itself here, since in almost every part of the world, sprulgy 
and rivers exist which contain a considerable proportion of caka^ 
rcous earth, which is depouted in die form of that species of car- 
bonate of lime, which is termed tufa^ on the sides of the channds 
^HQilgb wludi.th^sewateri.fiaw; and, indoed, Qn^e^ery mab^l^acA 
ibe]^|tteet wkbinibeJHPciirraAtw^ /: .1 * . - -in 

.In Enghmd th^^waters. of this^kind rare very* nnmeioufia; paitiRn^ 
larly in the counties of Derbyshire, Yorkshire, and Somersetshiie; 
but indeed their occurrence is much too frequent to.aUow of being 
particularized ; a few only of the most remarkable circumstances 
respecting them can be noticed. 

Dr. Plott relates* that, in Oxfordshire, there are incrusting watoni 
at Somerton ; at North-Ashton, in a field north* west of the church; 
in the parish of St. Clement, in the suburbs of Oxford ; about a 
quarter of a mile distant, on the right hand of the first way that 
turns eastward, out of Marston-lane. But much better for this 
purpose, he observes, is the water of a pump at the Cross Inn, near 
Carfax, in the city itself. 

* The Natural History of Oxfordshire, p. 34. 
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. The Doctor also mentions several springs of this kind in Stafford- 
shire, and remarks that lapidescent springs deposit thin earthy 
matter on some plants, and not on others, though growing together 
in the same group. Mn Wallis* also speaks of a brook at Simon- 
bourn, where, he observes, the mosses and liverworts become stony; 
whilst the primroses and geraniums hold up their heads, and retain 
|;he]r native hue. 

. Dr. Plot also relates^, "that at Daulton, on the south side of 
Mendip, the workmen sftw out of great blocks of stone^ of four 
or five ton weight, which have been dug from the quarries there; 
large pieces of fair cleft oak included in the midst of them.'' 
Speaking of the growth of stone, the Doctor proceeds to say, 
" I'his is as indisputabte a proof as any I have met with, except 
one at Newcastle-under'-Line, in this county; where, at a place 
called the Gallows-tree (the ancient place for the execution of the 
malefactors of that town), there was found, within memory, in a 
firm block of stone, dug out of the quarry there, an entire skull of 
a man, with the teeth in it, &c. whereof Mr.Weever, an alderman of 
that town, told me he had one^ long in his possession : which place, 
when used for executions, 'tis like might be nothing else but sandy 
land, wherein they used to bury the executed bodies, which in pro- 
cess of time has thus turned into stone.'' The deposit of lapideous 
matter from the waters in the neighbourhood of Mendip has been 
lately instanced, according to a very interesting paper on the sub- 
ject, in the Philosophical Transactions, by its having thus pwtly 
filled up a cavern, and having incrusted, in a very curious mieinner, 
human bones, which had been there deposited; 

I Near the western bank of the Derwent, at Matlock, is a spring, 
well known by the name of the petrifying spring, and by tlie v«n. 
rious substances, which accident and contrivance has occasioned to 

* The Natural History of Nortbumberland, p. 24. 
t The Natural History of Staffordshire, p. 171. 
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be invested with the 'calcareous matter which it deposits, such are 
twigs of wood, moss, birds-nests, &c. IVen old wigs and hair- 
brooms are subjected to the power of these waters, to furnish sub- 
jects of amusement to the visitors at this place. 
: The waterfalls of Italy used also to supply the light-hearted with 
amusement; small white oblong, or round concretions, being formed 
by them, which have much the appearance of sugar-plums. These 
are put up in boxes, which are ornamented in the mode usually 
employed for boxes of sweet-meats, and thus offered to strangers, 
who, being frequently thus deceived, become the subjects of a harm- 
less laugh. Those concretions, which are thus employed at Rome, 
are known by the name of Ctmfetto di TivoU^ from their being chiefly 
obtained from the river Tiverone, the ^nio, Anienj and ^ntenti9, of 
the ancients, which waters the charming town of Tiv^i^ the favoiur- 
ite Tifrnr of Horace. Hie same name is, however, generally used 
for such as are obtained from the other rivers. 

A much moro rational. and pleasing application of this natural 
propess is made at the baths of St. Hiilip, in Tuscany. Dr. Leo- 
nard Vegni has established there a manufactory, to pwcipitate this 
fine tufa on medals and bas reliefs, and to get by that means the 
finest impressions. He causes this hot incrustating water to fall, 
from on high, into a large vessel, and to break upon a wooden cross; 
whereby it is separated into a fine spray, and directed against the sides 
of the vessel, on which, all around, the medals or bas reliefs, or their 
mouldings or forms, are hanging. The falling or breaking of the 
water imparts a greater impulsion to its drops, and to its tnrfo or 
tartaro; which, without this manipulation, would be but farina- 
ceous, friabk, and spongy. Mr. Ferber, from whose work the above 
account of this process is extracted, says, that Dr. Vegni has suc- 
ceeded already in casting busts of this tufo^ and he soon hopes to 
cast statues of natural size*. Since the publication of the above 

* Travels through Italy, p. 245. 
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account, I leara that Br. Vegni has applied the waters atTivoli to 
the same ingenious purposes. 

• Pere Feuillee relates, that the petrifying waters near Guankaba- 
lika are applied to similar .purposes ; he having seen many very fine 
statues and vases in the churches at Lima, wliich had been thus 
formed in moulds, by earthy depositions. 

Some waters are so replete with earthy particles, as soon to clog 
up the channels through which they are conveyed. A remarkable 
instance of this kind occurred at High Littleton^ in the county of 
Somerset, about midway between Bristol and Wells. A pipe had 
been erected to convey away the waters, which had incommoded 
the workmen in a coal-pit : it was formed of elm, in shape nearly 
a long square, being about seven inches and a half one way, and 
four inches and a half the other* Through this, placed perpendi* 
cularly, the water was conveyed down to the level, or passage out, 
the trunk being about fourteen yards in length. 

This trunk, having thus been fixed up in the latter end of the 
year I766, wa^ in about • three years time, or rather less, fcMind to 
be much obstructed, and stopped up, so that, in August 1769$ the 
miners were obliged to take it up: landihen, on examining it, and 
taking it to pieces, they found the whole cavity, from one end to 
the other, nearly filled with a sparry incrustation, somewhat softer 
than marble, but harder than alabaster '"^. - 

Strabo relates that the waters of Hiera^oiis, a city of Phrygia, 
were possessed of this property f* Pliny also {notices similar waters^. 
About fifteen miles firom the city of Lucca, in Tuscany^ is a springs 
which arises from a mountain named Corsena; the watens of whk^h^ 
being made to pass through pipes, soon cl<^ them by an accretion 
of stony matter.. 

♦ Philosophical Transactions, voLlxiriii. p. 241. 

t Strabonis de Situ Orbis, lib. xiii. p. 600. Basils, 1549* 

X Lib. ii. cap. 10^. Lib. XX3(L cap. i. 
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had the stony matter filled up this» cataract, as to shut up the 
waters^ though accumulated to a great depth, iu the marshes of 
Beate : threatening to swallow up the delightful fields of the 
Reatines, in a permanent lake. To prevent this mischief, the 
Roman Senate sent M. Curius, who drew off the river from the 
lake, and led it into the Nera, through a new channel, cut be- 
tween the mountains. The nature of the waters, however, occa- 
sioned the advantages derived from this expedient, to be but of 
short duration : for the accumulating stone had began to narrow 
the channel so much, that the inhabitants of Temi ( Inter amnates) 
foresaw danger to themselves; they therefore comphained against 
the Reatines, whose cause was defended by Cicero. . After this, 
during the reign of Tiberius, when the danger became more evident, 
and the Interamnates had reason to complain, tbtit'all their poisses^ 
sions might be taken from them by a sidgle flood, they petitioneid, 
that access might be given from the river to the-lfckeV by at^hanfteJ, 
leading back firora the side of the aqueduct, fonried by Cftrius; 
This was ordered by Tiberius to be^erfdnned;- but the peculiar 
property of the water resisted the endeavours of Tiberiue," as well 
as those of Curins. The straight, as w<elj aft the inverted cbamtel^ 
became filled with stone; amd l^e* river, pbsMissing itself of Che 
course, which it had at'^QIt, efti'ptied' itself into liie lake, whi^y 
not being able to retain it, there being noW^ no opening, it iigain 
overflowed the Resitine mairshes. The* Reatines we»e therefore anxi*^ 
ous to open the cataract which had fifst of^all been closed up -by 
the stone; but this alarming the' Inf^mm, great dictates ar6s«, 
which would have terminated in a war bet#eei^ thesie people, if the 
Pope, Paul III. had not inteifered. He ^ii^CtMlf the eld cataract 
to be opened ; and, lest its immense force should terrify the Inter^ 
amnatesj he moderated its violence by making three additional 
openings, thus carrying off the waters by four outlets. All these 



STB 

Count Stolberg informs uft*, that immediately beneath the ancient 
city wall of Posidonia^ Pcestuin, or Pesto, a ritvkt runB, which has 
a petrifying quality, that was remarked as early as Strabo. Its; 
banks are reedy, and some little hollow pillars bear erident marks 
of being themselves petrified reeds. 

The waters of the SolfaiWBy or Lag^ di Bagni^ abound with cal- 
careous earth in solution. Cardinal D^Este had a camd dug, by 
which the waters of this lake should be carried into the Anio, to 
prevent their overflowing: but it is remarked by Breislakf, that 
the calcareous deposition is so abundant, that if they did not clean 
it every three years, it would be closed up, notwithstanding its 
width and depth. Its waters, like those already mentioned, cover 
with a calcareous crust the rushes, and other bodies it finds in its 
course. When the calcareous crust, thus formed, is only a conge- 
ries oifittulce^ or pipes, powessing but little substance, the name of 
jyrtngtfe^ has therefore been applied to them; but when they are 
of a thicker substance, and have their oi>enings almost closed, tfa^ 
are sometimes named osteocMht. 

It appears to have been by the formation of a curious species (tf 
incrustation, in this manner, that nature pointed out to art the ap- 
plication of this property of these waters. This species of incrusta- 
tion, represented Plate III. Fig. 2. is termed Lapis Samius ; it is 
formed of a tufaceous incrustation of very small twigs, leaves, &c. 
but bearing on its surface most correct impressions of the leaves on 
which it had been formed. These stones have been termed Samian, 
from a river in Campania (Terra di Lavoro) of which the poet thus 
speaks : 

♦ Travels through Germany, Switzerland, Italy, and Sicily, by Frederic Leopold 
Count Stolberg, vol. ii. p. 112. 

t Voyages Physiques & Lythologiques dans la Campanie, par Scipion Breislak, t.ii. 
p. 262. 
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\fooden hovel, for a more durable and pleasant mansion. Thus, 
we see, man is driven by a predestined, and apparently crueU ne- 
cessity, to the exercise of those powers, and the invention of those 
arts, by which his happiness and welfare is promoted ; and is forced, 
by a most salutary, but mysterious, influence, to make his destined 
advances, in the progress of civilization. 

Thus we find that almost all the houses in the neighbourhood of 
Matlock, and in some other parts of England, are built of this 
kind of stone, which is found exceedingly durable. The mountain 
of Tivoli, formed by this species of calcareous deposition, has fur- 
nished, time out of mind, the greatest part of the stones which 
have been used at Rome. This stone is usually caUed TraDerttHy a 
corruption of the word TUKrtin. The front of St. Peter's Church is 
built with it; and the Colosseum, according to Misson*, is covered 
all over with it. Count Stolberg also observes, that its upper part is 
formed of a light porous stone. Breislak says*f , at the foot of the 
mountain of Tivoli, where the Anio enters the plain, which reaches 
to Rome, are the quarries of Travertin. Independently, he says, 
of the immense quarries, dug by the ancients, there are others of 
such a vast extent, as will be sufficient to supply the demand of a 
great number of ages. 

Nor is this deposition of stony matter confined to the surface, 
since this petrifying process is likewise carried on, in immense ca- 
verns, at some depth in the earth ; where immense quarries of stone 
are thus formed, and laid up in store for man's future use. Through 
the roofs of these caverns, the pellucid solution of carbonate of 
lime filtrates, and deposits, from the moisture left of every falling 
drop, the spar it contains : forming, by the growth of ages, innu- 
merable stalactites, M'hirh depend, like icicles, from different parts 

* Misson's TravrK', vol. ii. p. Q^, 

t Voyages Physiques & Lythologiqucs dans la Campanie, par Scipion Breislak, tom.ii. 

p. 262 
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fif the ceiling, in various sizes and forms. On the floprs of these 
caverns, also, the repeated drops, as they fall, deposit their solid 
matter in stalagmitic heaps; which* rising by the gradual, but con- 
stant accretion of fresh matter, acquire frequently a considerable 
degree of magnitude, and assume various fantastic forms. On every 
part of the sides, also, the trickling drops deposit innumerable mi- 
nute crystals ; and here also, from the same source, numerous sta- 
lactites become disposed in an arrangement, more approaching to 
regularity. 

The entrance to a cavern of this kind, is, in general, by a narrow 
opening, beset on every side by stirice^ formed by the exuding spa- 
those matter; and which, if not interrupted in its accumulation, 
would entirely close the opening. On passing this, and arriving at 
the cave itself, the mind is almost overpowered by astonishment, 
at the novel scene. The ceiling appears to be supported by columns 
.of the most pleasing colour and elegant shapes, formed by the union 
of opposite stalactites and stalagmites : whilst others are seen in 
various degrees of approximation to each other, and assuming the 
^ost strange and uncouth shapes. Some hang from the roof, in the 
form of an inverted cone ; some spread out in branches, not much 
unlike those of a chandelier ; whilst others form in slender and al- 
most transparent tubes, reaching nearly to the bottom. From the 
floor numerous rugged pyramids arise, intermingled with various 
figures, to which fancy attributes some strange and unexpected re- 
semblance, such as to altars, animals, trunks of trees, &c. The 
ornaments on the sides render the effect on the mind, of this seem- 
ing magic scenery, complete. The light of the torches employed 
in these subterranean explorements is reflected in myriads of bril- 
liant sparks, from the crystalline surface with which the walls are 
covered ; whilst globular excrescences of yellow spar give the ap- 
pearance of halls of gold, projecting from a white, and sparkling 
ground of diamonds. Frecjuently the slender stalactites, mentioned 
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as adhering to the walls, will be so aTranged, m to resemble the 
pipes of np organ ; and, on being struck bj any hard substance, 
will contribute to the delusion b)^ sjending forth a dull, but ringing, 
musical sound, The grotto of Autiparos ; the Baumannian cave ia i 
the neigbbourbood of Blankenberg; the caves in the Hercynian 
forest ; the grottoes of Arcy, in France; of Chattmont, in Normaadj; , 
those astonishing natural excavations in Derbyshire, and various 
others, may be considered as so many laboratories in which nature * 
is discovered, in her deep and secret recesses, unintermiltingly em- 
ployed, separating, from the rude materials, the finer species of 
Htone, and araussing it in vast and inexhaustible stores. 

To ascertain the circumstances, on which the dejiosition of the 
calcairous earth from difterent waters, immediately depends, would 
require a careful analysis of the separated matter, of tlie waters, 
from which the deposit is directly made, and of the different tribu- 
tary streams ; as well as an examination of the strata, through %vhich 
they pass, and the various circurastanceSt under which they flow. 
But, in this place, it will be sufficient to point out to your notice, 
those properties of this earth, by which its solubility in water, and, 
consequently, its precipitation, w^ill be chiefly affected* 

Lime, in its pure state, is soluble in about 700 times its weight 
of water, at the tenqserature of tOO^, and tlnn forms -coKimGii Ikatt^ 
water; but if to this a small pcurtion of carbonic acid beaidded, it 
unites with the lime, forms a oarixmate of Jime, aoid pvecipiialesiii 
an insoluble state. If, on the contmry, sueh a quantity of 
bonic acid he added as wMl cofiipletely sfttnialie th0JiMe,itii8 
rendei^ sc^uble in water: and it isthUs that carbonate of li||ie, 
held i^ solution, by an excess of fixed aiir, not in actul c^Dbhn^ 
tion with the lime, but contained in the water, and aiotiiig « a 
menstruum, is commonly found in all waters*. A separathm of 

* Analysb of Mineral Waters, pw U. .,. > , * .i ^ 
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cariHmate of lime from waters holding it in solution may therefore 
reaidt from two opposite causes ; an absorption of carbonic acid, 
firom the atmosphere^ or from some subterranean source ; and the 
loss of that part of it, which exists in excess, and which may be 
driven off by heat, or forced into other combinations^ by the com- 
bmed agency of difierent affinities. A fartb^ inrestigation of the 
eircumstauces on which these depositions depend, does not appear 
to be necssary, it seeming to be sufficient to have ascertained that 
water, saturated with carbonate of lime, is not only flowing over 
various parts of the earth's surface, but is also transuding its sub** 
stance, in almost every direction. That it should therefore impreg- 
nate, with its earthy particles, any substance, which, like bitumi- 
ni^ed wood, or any decaying organic substance, might be fitted to 
receive it, appears to be highly probable : and that calcareous fossil 
wood may have been formed by such an impregnation, and under 
such circumstances, every character which it possesses, both phy« 
sical and chemical, serves to demonstrate. 

Yours, tec 



LETTER XL. 

eALCAR£OU8 rOSSIL WOOD.... WHERE FOUND... .CALCAREOUS WOOD 
Of OXFORDSHIRE. . ..DORS BTSHIRE....SOMER8ETSHIRE....ANALT* 
BIS.. ..MIXTURE OF SPAR AND BITUMEN....CALCAREOUS WOOD 
OF NEW SOUTH WALES. .^.ALUMINOUS WOOD, &C. 

It has been said, that calcareous wood is found, in various parts 
of the continent, and particularly in the neighbourhood of Arund* 
see, in Brandenberg ; near Joachinouithalt in Bohemia ; at Schem- 
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nits, in HuBgarjr; «ad in sereiU parts tif'WIrteniberg, Phmoonia!; 
Lower Saxony, &c. But lirom the very few specimens of tlusidnd 
of wood, which we obtain 'ftom the 'ooi)ctinent;"and^ indeed, fitdm 
their being: so litde dwelt on, by the IVeydi andGerman writers -en 
fossils, it s^msitliat Ibiey exbt more plimtiiTilly in this island, Ihki 
elsewhere. The specimens which are in'itioStieplrte, for their btevfy 
and preservation, are those which axe found in' Dorsetshire, in -die 
neighbomhood of Charmouth; In Somotetsfaire, particularly in ihe 
neighbourhood of Bath : handsome spedmens have 'alsobfeen foitnd 
in Derbyshiie, Devonshire, Oxfordshire, and in many othe^counlits 
of England. • r ^ 

The appeaninbe of the wood, in this species 6f fossil ^frood^^ 
well as in the siliceous, sb6ws thait. the wood, which has been 'thus 
petrified, existed, previou8ly,'«illier1na^di7iandihiv(sred,ior'in-» 
bituminous state. A specimen, from Oxfofdrfiin^ is de^sribidia 
Plate VI. Fig. 16. It is of a pale ash colonr;/nnd die li|^'iaBi 
fragile woody fibres may/yetWseen veiy ]dain]y,'alth6a^.'iijndi 
broken, intersected,'' and separated by tiie crystallizations of tiie 
calcareous spar, which has pervaded every part The sulratance of 
this fossil is rather tender ; yielding, sometimes, even to the finoe 
of the fingers. Its gravity is of course considerably less than that 
of siliceous wood. Although the greater part, by far, of its bulk 
is formed by tlie spathose matter, yet the form of the wood is tole- 
rably well preserved : the natural direction of the fibres of the wood 
seeming to have directed, for the most part, the crystallizatioDS 
into striae, converging towards the centre of the wood, as may be 
observed in its section, shewn at Fig. 2. of the same Plate. Distinct 
masses of crystallizations and veins of spar may frequently be ob- 
served to penetrate its substance in various parts. 

A specimen of the Charmouth fossil wood is represented in PI. III. 
Fig. 9- The colour of this kind of fossil wood is darker than the 
former, it being of a deep brown colour. It is harder than that 
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which has been just described, and heavier, inasmuch as it pos- 
sesses hardly any vacuities. The texture of the wood is very evi- 
dent, and even the knots of the wood are frequently perceptible i 
but, as in the Bovey-coal, so in this fossil, the woody fibres are 
distorted in various directions, in such a manner as could not have 
taken place, if they had not been in some degree softened. The 
calcareous spar, which permeates the wood through every part,, 
marks it in many places with streaks of a beautiful pearly white^ 
formed by the deposition of the spar from its infiltrated solution ;. 
and when this happens' to have been the case in a cavity rather 
larger than the others, such an arrangement of the particles of the 
carbonate of lime will sometimes take place, as is observed in cavi- 
ties large enough to allow of the formation of stalactites, and the 
cavity will be found to be filled witli striated or fibrous carbonates^ 
or alabaster. Thus, under one or the other of these forms, will the 
carbonate of lime be found to fill every cavity and rift; in the wood,, 
which had been produced by the mechanical action of the water 
in which it had lain, or by subsequent shrinking of the wood. 

The calcareous fossil wood which is found in the neighbourhood 
of Bath, and of which a specimen is depicted in PL VIII. Fig. 4. 
resembles very much in colour that of Charmouth ; but is harder, 
and retains, still more perfectly, the form of the wpod. In the par- 
ticular specimen, described in the Plate, although the spar so pene- 
trates the mass, as to accompany the fibres, in all their directions, 
in threads, so minute as to be discovered, in many parts, only by 
the aid of a tens, of no small power; besides being pervaded through 
its whole substance by a mass of spathose matter, about half an 
inch in width ; still the fibres of the wood are nearly as evident, on 
the polished surface, as if they had undergone no change. 

Whilst inquiring into the liature and origin of siliceous fossil 
^vood, I ventured to attribute ts formation, to the impregnation of 
wood, chiefly, in different stages of bituminization, with siliceous 

3d 
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earth ; but was unable to adduce any direct, and positive, eridence, 
in favour of this opinion, owing to the refractory nature of the 
silex, which demanded such agents to e£fect its separation, as would 
not fail to occasion a decomposition of the vegetable, or bituminous 
matter, with which it was combined. In calcareous fossil wood, 
which I suppose to differ from the former, merely, in the nature of 
the earth thus introduced, the same difficulty does not exist; since 
it will yield to the action of less destructive agents, and will allow 
of the complete separation of the superadded, from the original 
matter. Thus, by the addition of any of the mineral acids in a 
state of dilution, it might be expected that the carbonate of lime 
would be decompose^!, and that the interposed particles of earth 
might in this manner be removed, leaving the vegetable or bitumi- 
nous matter, in that state, in which it existed, when its particles 
were first, perhaps some thousands of years since, involved in this 
stony mass. The result of such an experiment must also afford 
some elucidation of the question, respecting the formation c^ sili- 
ceous wood ; since if the original matter could be plainly made out, 
in the case of calcareous fossil wood, the inference would undoubt- 
edly be admitted, that it was the same in the siliceous fossil wood. 
A piece of the light-coloured fossil wood of Oxfordshire, already 
described, was immerged in nitric acid, diluted with about four 
times its bulk of water; a considerable decree of effervescence en- 
sued, which lasted several hours ; at the end of which time, the 
carbonate of lime being completely decomposed, the original mat- 
ter of the wood had fallen to the bottom, in the form of a dark, 
fine, umber-coloured, flocculent sediment; the carbonate of lime 
having been so thoroughly diffused between these light particles, 
as to have been their only bond of connection, A portion of this 
sediment, after having been washed and dried, was placed on a 
red-hot iron, when it directly inflamed, and was quickly consumed, 
diffusing a strong bituminous odour. 
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A piece of th« Charmouth fossil wood being immerged^ in sidlilar 
diluted nitric acid, a violent effervescence took place, during which 
•omc light particles were detached ; but at the eWd of twelve hours, 
,the effervescence having ceased, the fluid was poured off, whien a 
dark brown, friabte, but coherent mass, bearing every appearance 
of bituminous wood, was found. This being repeatedly washed, 
and aftenvards dried, was exceedingly light and brittle, but still 
retained the form and coIobt of bitominized wood. On being ap-* 
plied within an eighth of an- ifoch of ttbe flame of a candle, Or of 
any substance heated red hot, it caught finsy and burdt like touch^ 
wood^ without inflami^; but, if brought into contact with the 
flame, it yielded a white iSiame. The appearance it made, whilst 
burning, from the spread of the fiise through its substance^ fttiok its 
phosphoric glow^ and firom ita briHiant white lambent flame, resem-* 
bled very much that which is^ yielded by liie burning of pyropAort\ 
In whichever way tile combuseliantitasrdirected^ a strong bituminous 
odour was experienced. A piece of the Bath foBsil wood being ex^ 
posed to the same trials, fumished exactly the saitie results. 

The residuum thud obtained, from calcareoos, fbscdl wood, fur- 
nishes U6 with considerable inflsnoiation^. not only respecting the 
state in which it existed^ previous to its petri&ction,. but also ia 
regard to the mode in which this process has been accomplished. 
After considering its properties,, we must surdly conclude, not that 
— the morejixedj earthy parisy deprived of their oily y and volatile mat^ 
ters^ had been combined" mth the tapidific matter;, nor that — a sub- 
stitution of stony, mi the place of organized matter^ had taken 
place; nor that — the lapidifying matter had been injected^ whilst 
melted by heatj into the interstices of the combustible substance : but^ 
we should rather infer, from the high degree of combustibility, and 
even of inflammability, possessed by this residuum; and by the 
form, it retains, that the original woody substance^ either previous 
to, or during, the early periods of its envelapement with stony 
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matter, underwent a change by which it became much more sus- 
ceptible of the action of fire ; or, in a word, acquired a bituminous 
nature : in which state it now presents itself on being freed from 
its stony impregnation. 

One circumstance, however, was wanting to render the analogy 
between siliceous and calcareous wood complete. In that species 
of siliceous wood, which has been distinguished by the term opa- 
lized wood, appearances were observable, which seemed to warrant 
tlie conclusion, that some of the bituminous wood had existed, at 
the time of its impregnation with silex, in a softened, and, perhaps, 
fluid bituminous state-; aiid that the waxy lustre, which this species 
of wood displays, proceeded from the intimate union of the silex 
and bitumen, whilst each was in a fliiid state : but no analogous 
appearance to this had ofiefed itself, to my observation, in any 
specimen of calcareous wood. It happened, however, that, a few 
days before this sheet was sent to the press, I met with a piece of 
calcareous spar, imbedded in blue lime-stone, which, at its fracture, 
displayed somewhat of the resinous lustre ; and, on its polished 
surface, exhibited a beautifully clouded appearance, resembling 
tortoiseshell, yielding, in fact, exactly such an appearance, as might 
be expected, from the intermixture of petroleum and spar. By the 
aid of a magnifying glass, somewhat of a fibrous texture, like that 
of wood, was observable in the lighter- coloured parts, but not in 
the least in the dark, apparently bituminous parts, which had just 
so much transparency as to allow the transmission of light at its 
edges. A small portion of this spathose matter, about 50 graias, 
was added to an ounce and an half of diluted nitric acid. During 
the effervescence, several small fragments, evidently of bituminous 
wood, were detached; and, on the subsiding of the effervescence, 
these sunk to the bottom, leaving the fluid still turbid, and of a 
dark brown colour: but, in about twelve hours, the liquid became 
clear; the less completely changed wood sunk to the bottom, and 
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a light bituminous matter swam at the top. That calcareous spar 
may owe its colour, in some instances, to bitumen, cannot therefore 
be doubted : nor do I in the least doubt but investigation will dis- 
cover, that the influence of bitumen is much more extended, among 
the class of calcareous stones, than has been hitherto supposed. 

The appearance which the above-mentioned fossil wood from 
Oxfordshire yielded, previous to its exposure to the action of the 
acid, was such as to lead me to suppose that it must have existed, 
in. a dry and withered state, at the time of its lapideous impregna- 
tion, it being of a very pale colour, nearly resembling that of de- 
cayed wood* But, on, the removal of the stony matter, by the 
action of the acid, it resumed the dark brown colour of bituminous 
wood, which it retained, after it had been dried by the fire. The 
light colour, which had thus deceived me, evidently proceeded from 
the abundance of the white, spathose matter, with which it had 
been penetrated ; and which had been in so considerable a propor- 
tion, that, on its removal by the acid, the vegetable or bituminous 
matter xio longer held together, but subsided in a flocculent sedi- 
ment to the bottom of the vessel. 

This kind of fossil wood is frequently found inclosed within the 
sohd lime-stone ; and it happens most frequently, that when suffi- 
cient carbonate, in solution, has not percolated through the coarser 
carbonate, or lime-stone, to imjpregnate the whole of the inclosed 
wood, the latter reniains soft and yielding, and exactly like bitu- 
minous wood ; and what carbonate has entered, is formed into cry- 
stalline septa, .which, by intersecting each other, necessarily divide 
the inclosed wood into small polygenous fragments: the whole 
yielding an appearance, which would not be badly represented by 
Fig. 5. in Plate I. only substituting the brown bituminous wood, 
for. the jet : nor would a very dissimilar idea be formed of it, by 
conceiving its divisions to resemble those of the Septaiium, Ludus 
Helmontii, or Waxen Vein. 
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It wouM be improper, whilst treating of the calcareous petrifaction» 
of ¥t5ge tablets to omit noticing those of Preservation Island, in New 
South Wales* Tliese are thus described by Mr, Collins, in the second 
volume of his account of this colony* ** Amid a patch of naked 
sand, upon one of the highest parts of the island, at not less than 
100 ieet above the level of the sea, within the limits of a tew hun- 
dred yards square, were, lying scattered about, a number of short 
broken branches of old dead trees, of from one to three inches in 
diameter, and seemingly of a kind similar to the large brush wood. 
Amid these broken branches were seen sticking up several white stony 
stumps, of sizes ranging between the above diameters, and in height 
from a foot to a foot and a half- Their peculiar form, together with 
a number of prongs of their awn quality, projecting in diftferent 
directions from around their base, and entering the ground in the 
manner of roots, presented themselves to the mind of an observer, 
with a striking resemblance to the stumps and roots of small trees. 
These were extfemely brittle, the slightest blow with a stick, or with 
each other, being sufficient to break them short off; and when taken 
into the hand, many of them broke into pieces with their own weight 
On being broken transversely, it was immediately seen, that the inter- 
Hal^ pairt waskdmd^d intq inteiioii Qf ^ceiMpnl, 'knA <«LteiMi> <o» cNMrtidili 
The estaaoi) part, wbieli ia^^^Bbteaik^sfimkam^^t^^ 
fNooportionft'Of the whole, reMinJtM 4 fiflii^ ^hi^ 
but acidi bemg i^plia4^ shewed it «^ be iNMiil^ned'ivltMi MkmA^^ 
derable.poctioB' of oatearaoitS' matter. ' ^ TbeiiiteiMv e^^oMMMd^Miii 
mu». alwafss. aircBkr^ but aeldto||i^ fi>uBd' ofi tbe sdaM^iMiflferi -ot^of 
llie same composiliop, on any, t|ro^9t«»ip». ^ >ln -goitWy^thb eaJoiiDDwi 
^nd sandy mitttoii had taken^ such entire |K>Mesftk»t(;lliaft «iMr^^fei|p{; 
ment of the wood was complet^yi obliterated*'; but jFet a Mnt ook 
tral ring nmained« Id otbenii«aa.% centre <^^'ehaH», beiiutiftii^ 
white^ that crumbled betweeii tbe fingers to ^e fines): p oWd iy ? ^ 
some consisted of chalk and brown eaitb,' ia'^iturioiiv 
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and some others had retained a few frail pOrtionB* of tlieir woody 
fitoesy the spaces between which were filled up with chalky earth." 
Mr. Bassy who acted as Surgeon on board the Reliance, and from 
whose accurate examination the above account is taken, was told, 
firom good authority, that when the trees were in a complete state, 
the diameter of the dead wood of the stem, that rose immediately 
irom the stony part, was equal to the diameter of that part ; and 
also that a living leaf was seen up6n the upper branches of one of 
them. Mr. Bass was induced to place these altered vegetable sub- 
stances amongst petrifactions^ although, he says, no strict analogy 
could be discovered, between them and the subjects usually met 
with of this kind : this gentleman acknowledging, at the same time, 
the great difficulty of accounting for this wonderful change which 
had taken place in the lower parts of the stems of these trees. 

If this ingenious and intelligent observer found himself incapable 
€>f explaining the mode in which this change had been accomplished, 
it is not to be expected that even the attempt should be made by 
one not possessing the advantage of examining the substances them-- 
selves, nor of ascertaining their relative situation with the surround- 
ing substances. 

la the Philosophical Transactions is Uie description of a pheno- 
meood which seems to bear some slight resembiance to that which* 
has been just described, and which also is not capable of being 
explaiDed„ by any of those laws: on which the various processes of 
feinhciion appiear to depend. It is thus related : 

" In a close of Mr. Purefoy, near his house, called Wadkyj a mile 
from Earringdon^ in Berks^ there grows an elm, which hath now lost 
the top, and is grown hollow, containing near a ton of timber. From 
the but of the same tree, one of the spreading claws, having been 
formerly cut oiF with an axe ; that part of the but, from whence the 
same was severed, being about 1| foot above ground, and inward 
within the trunk of the^trecy hath contracted a jjit^tnified crust, about 



ttftf OificltlM^ V a'sMlba^^ nil «^r the wc^od/ pdrt with the bark 9 
iitmiAiio^^^ tfais 

][)el]r1fifed "cr^ ^ By'il«a«^'iMiU^ ^j)(WM o^lrtit^^^ 

uannot well be coiictivcd, in rrgard there is i^^rater iirar it, the 
part above the ground, and out of the weather; tlie tree yet grow- 
ing ; unless being cut at some season, when the sap was flowing^ the 
ooxiug of the §ap might becoiiie petrified by the air, and the tree 
grow rotten and hollow inward since that time; which how long 
J since is not knoAvn. 

" A piece of that part cut was presented^ together with this ac- 
count, to the Royal Society, for their repository*/' 

desioribSi it as Being oTa btbWa cdlovter^ a >l^t.1iwl|P^r 1^ 

he also Mlates iOmt i^'ed^^^ ^joiMtitiM «f "It ^ ft^bc^ 
to «facr«v,.llMitit inll^^^ vfiem^^^ 
in Taiibi^ EiiiM>A» Utt^NHid in boDsi4»iNkbK#i|^^^ 

at Cdiiudadaii iiad AltH^, & S^li^^ arikff HaftiMidi^H^^bDW 
Austria; atHTeaittery in IfeMie; ainA tiMt Dnhinir tKJBaaNMiy.' ^> .^^ 

Hie spontaneous inflammation of this species of wood^' and the 
use to which it is applied, the fabrication of alum; manifest that it 
is a pjritous wood blended with clay. The chief component parts 
of alum (the sulphate of alumine) are the acid of suljj^ur and the 
earthy alumine ; the former of which is derived from, the sulphur 
contained in the pyrites, and the latter from the clay, of which it 
constitutes by far the greatest part. 

What other earths enter into the composition of fossil woods, 
and in what proportion, must be determined by future analyses. 

Yours, &c. 

* Philosophical Transactions, N^ 19, Nor. i6«6.> 
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LBTTtlR XLI. 

MBTALLIC FOSSIL WOOD....B0a IRON ORS.«..roSSIL #00D, lit- 
PREGNATED WITH IRON....WITH COPPBR, &C. 

JtSfisitiEs the pyritous fossil woods, already treated of, there exists 
a great variety of metallized fossil woods, the particularities of which 
we shall now endeavour to ascertain ; but which could not have 
lieen so well done^ until the influence of foituminization in the pe- 
trifaction of vegetables had been displayed^. 

As iron is the metal #hich is most generally diffused in the earth, 
so it is also most frequenitly found in combination witib fossil wood* 
The most remarkable specimens of tliis kind of wood have been 
found in Siberia, and in various parts of Germany. In the. year 
1710, a wonderful metamorphoiii^ of a tree into iron ore, to use the 
words of the author*, was discovered in the neighbourhood of 
Soims Laubac. In digging a welU tho workmen first founds at the 
deptii of a few jeet, an urn, from wkutlu andraome other circum- 
atances, it was supposed to have been a apol iM which the remiiins 
^of the dead had been consumed* When the diggers had reached 
(he depth of 70 feet» their progress waa checked by a vast impene^ 
tiRable mass, which appeared to be the trunk and brandies of a large 
4fee. Finding ihi$ mass to resist their hatchets^ and other inatm- 
tnents, they proceeded to renK>ve this impedinuMit to their labours 
by force; breakiAg^ but with great difficulty, Abe metallised tnee 
into fragments, which they threw about, without any fartlier notioe. 
Chance^ however, having brought sodm^ of i^ese fragments to the 

* 4* J« Uebaecbt, Disciu'sus de PUuTio Ma^o^ pftg* SOS* i71i» 
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is constituted, and will be likely to deposit, in its substance, an 
oxide, so nearly, at its minimtim of oxidation, as to approach nigh 
to the hardness, gravity, and lustre of a metal. Such, indeed, ap* 
pears to be the constitution of those specimens of ferruginous wood 
to which I here allude- That part which was originally ligneous 
appears to have become the most solid and metallic, whilst the 
cavities appear to have been filled by a rust-like precipitate. Among 
the boggy iron ores, are frequently found specimens which illustrate 
the manner, in which this kind of metallized wood is formed; and 
also shew that it has been by an operation carried on near the surface. 
In these, which are often in large masses, broken twigs of trees, grass, 
and other vegetable matters, are found, considerably changed, and 
indurated, and connected together by a fine yellow, or yellowish 
brown, oxide of iron. But the following account, from an intelli- 
gent observer, will serve to give you a more correct idea of the 
effects resulting from this important natural process. 

Mr. Tooke remarks, that one of the principal curiosities, among 
the mountains of Russian Lapland, is in the martial waters of Us- 
sona, Muun-ozero, &c.* Here are seen, he says, a vast quantity of 
stems, branches, twigs, leaves, and roots of birch trees, and other 
exuvise of vegetables, entirely mineralized by iron, with the diverse 
texture of the rotten wood plainly visible ; in which mineralizations 
the tender white rind, known to be in the highest degree incorrupt- 
ible, is preserved quite in its natural appearance; the soil is changed 
into a rich ferruginous earth, and the grassy sod into iron ore. The 
like transmutations are seen in all the low spots and pits that incline 
towards the Muun Lake, but particularly near the Martial Waters, 
and over against the village Buijova. Here lies the iron ore in a 
wide extended valley, forested apart with birch.-*trees, and with 
gently-rising hills on both sides. In this valley, though not in its 
deepest bottom, issue the Martial Springs, which, in 17103. by com- 
mand of Peter L were fitted with accommodations fof public use. 
The well is sunk about three archines and a half 4)elow tlie surface, 
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is ting of parts of roots botli of 
and herbs (which are partly uiineraliEed), and iotermingled with 
flakes of stonesj then an archine and an half in a clayey kind of 
stone, mixed with a great quantity of sulphur pyrites. In the df^p 
points of tlie valley^ under the foremen tioned, there is a layer of 
vitriolic earthj which is a mixture of iron earth and swampy iron 
ore (bog ore). It h easily got* and is then taken to the vitriol 
worlc$, and there boiled*. 

According to the degree of change which the vegetable matter 
has undergone, and the quantity of metal introduced, must of course 
its gravity vary; hence the range of variation of gravity in different 
npecimens of fossil iron wood is very considerable. The specimens 
m which the change has been considerable, will in general be found 
to be of pretty hi git specific gravity. These are chiefly formed of 
a brown rust-like metallic substance, sometimes marked by spots 
of a red colour, approaching to a crimson ; the form and texture 
of the mass readily leading to a recognizance of its original mode 
of existence. By far the greater part of some specimens, i$ evi- 
dently composed of pyrites, the rust- like substance appearing only 
tjn the surface ; but in these, there is great reason to suppose, that 
this covering has proceeded from a partial decomposition during 
exposure to the air. 

It is iiecdMftry to ehwfve, 'th&t, Indepetident ei^ tHoile sp^ek^yi^ 
whkh, frotal (lie very lafg« ftbportiikk 6t itb& whi6h (h«y tfodtttfi^ 
a^nre to be distkiguished bM metallic, H^^e k^ diiifC^^ tiMfl^i^ 
men of Ibssil WomI f>& ^bidfa tk«l indutattiig dB^ctft ^il6ii i«Nll lil 
ap^r % b«re heeW exertedr It is evicleM, MtWtt^^giMk 
pi%«]]>ilB(x^ oTfl^^ may be attnt^d iiany 0^ 

beautiful coknih which the several speeim^ of iiile^«l» fi^ 
wood are found io di^ay. ' ^ ' ** '^^' 

Aftiong the mom beautiful '^ kh^ fossil wdod# %f^ &mb6 ivlaeil 
owe thm iiietatllza^^dfr-%o <>6pper!^ t^^ df wludi 

'^ View tt fln^iMtn tM.li ]^S§. ' i' 
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are feund in Siberia. The most accurate aeconut of tb!i» 9peoia4 of 
fossil wood is furnished by M. I'Abb^ Chappe d'Auterocbe, who 
trstTelled, in the year I76h into Siberia* where it is found in very 
considerable quantities, in the copper mines of tb» Ryphean moun- 
tains, «ik1 in the neighbourhood of Cazan. H« describes different 
kinds of specimens. The first kind he speak» of as copper mine- 
ralised in sand and wood. In this mine he observes that blend» 
which he at first took for iron, is distinguishable, mixed with wood* 
SA9di aod copper. Those parts which ccmtain the blend and tha 
saQdjr part, form a vtry hard and compact stone ; but the vegetable 
parts which it contains are so triable* as to be very easily detached ', 
the copper being discoverable in large spots of a beautiful grass- 
gfe^o colour. The wood is black* and resembles charcoal* whosa 
parts are unitad together by some tenacious matter. Tlie copper is 
c^ystalli^sed in many parts of tb« vegetable substance; its crystaJU- 
^a^QjDf forming smaU ce^. 'Hieae are sometimes of a clear dark 
or blackish green cfdour, and possess so much brilliancy, as to giv? 
the idea of vitfeous ciystalUaations. The copper is blended through- 
out with a (»lcareous «artb. The mine from which this mincvKl 
wa3 obtained ia to the norlii of Souxson^ ^ 

AnoUier mine, to the south of Souxson^ he found differed froQ» 
thd one just mentioned only in b^i^g more rich* and in the saod. 
audi due blend being in a lew quantity. In this mine were many 
parts of an azure blue, aometimes in layen, and frequently in 
patches. Speaking of copper miaefaUifid in wood* he says. It may 
bj3 idiscovoced^ by tiw sp^imen which I brought* that it belonged 
t9 A tree which was at least a tout in diameter. The internal pari 
in jieduced almost to charicoal, being very friable* although the parti 
ai!)f$ held together by a tenacious matter. The coppcar is sometimes 
cryataJUU^d in little cells* resembling those of an honey-<omb ; bui 
these crystallization; are, in general, only among those filaments 
of wood which have entirely lost their original nature. The bftrk 
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ii distitigtiMllitl^, being abdat foar liikiis'ifi^thibkbess. . l^iire aii^ 

CfifdihiMd,< oti'tlA flp^ that tli^y«ottetfaaes ibuB^j^iA tbd^MvatBrbf^ 

*^fiiiMB a cdlfecltoli^«bichibeimpie(l thef greatest jMirtofa'Mkttlit i«fbiib- 
«ili%'tMllift'{h*i»4#eBty foist 4ongi.'fIb^ «6fifaD&ii^ 

mote <Mr less -eop^r^ aceordin^ to Jtbe; places wliere it bM'^'Ifoiiii^ 
i^ikli^'an^ ^it^ay«iM«^tti(*«p]^eaMiM!eK/ irtth tmpeet to tiolW,- 

wliteb' L<flM> MpI^iifi'ipilMeteiagk ibkrs^itl^ 

Itf'ttMtfbeMtiflilillMiKtlMtibf iiindw^ldte?^ blfflUlMJb^^^#MSI^ 

c<9l«MAi, tbei <Mttifi«tittieB« of'tbei tiaiisiife^ 

pii^servatkm fil^^tliei^ original' f&nug^\pliimiiiisBt^tpt)^lati^ 

tte ittostbiwwttifel^tiid ittteiyi^ 

One smali 8pe(tiBien,r4esciibed atilig^ifiiiaip^Pi; Vli u^ h^ itj riMf 

Ipsting, on another accoaot. Ott'iHai surfiitxsrithd^dikned irobdi aad 

spots of malachite, are discernible, in several parts, whilst a trans- 

▼erse section shews its substance is formed of copper pyrites, of a 

metallic lustre, displajring, by the striee and circles with which it is 

intersected, an indisputable Ugneous structure. 

Whilst speaking of the impregnations of fossil wood with iron, I 
spoke of these, which, although evidently containing that metal, 
did not hold it in that proportion as to admit them to bo distin- 
guished by the epithet metallic. A specimen of fossil wood, which 
I have lately obtained, yields a beautiful instance of this sub-im- 
pregnation with copper. The ligneous' form and texture, with even 

* Voyage en Siberie, en 176 i , par M. TAbb^ Chappe d'Auterocbe, tone i. S** parties 
p. 671. 
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tlie knots, are perfect. The colour in some parts difters but wetf 
little from that of decayed wood, whilst the central part demon- 
strates the strongest marks of its having undergone the bituminous 
fermentation; and the surface, tinged, more or less, of a greenish 
hue, is marked by a few spots of malachite : the whole demonstrat- 
ing, that an impregnation, with a solution of carbonate of copper, . 
had taken place, and had arrested the progress of tl^e bituminusai^ 
ing process. 

' The combination of the other metals with fossil wood is not very 
fre^ent. Some authors, and particularly Volkman, have spoken 
of wood impregnated with silver. That this may have been the 
case is by no means improbable ; at the same time, it is not to be 
positively concluded, that the specimens, of which they speak, were 
impregnated with this metal ; since it is not said that they had been 
submitted to any chemical test ; and the brilliance of some pyrites 
is such, that, although they do not contain the least particle of 
silver, they frequently exhibit the splendour, and the whiteness of 
that metal. 

Youn,. &c« 



LETTER XLir: 

VARIETY OF PBTRIFIfiD WOODS.... PROCEEDING PROM ORIGINAL* 
NATURAL DIFFERENCE....PROM THE LABOURS OF MAN. 

X HE resemblance between the recent and fossil-woods is some- 
times very close, with respect to colour. The bituminous willow, 
found by Capt. Perry, near Dagenham-breach, he describes, as hav- 
ing suffered little or no alteration in its colour ; and, in a specimen 
I'esembling mahogany, and in various others, now before me, there 
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fippMft to be the strongest reason for supposing, that, iroiti the 
absence of certain mineral or saline agents, the bitumen has retained 
the colour of the vegetable substance, to which it was indebted for 
its origin^ 

So perfectly do the masses of petrified wood sometimes retain 
the characten which belonged to them in a recent state» that it 
flrequently happens that, although so considerably changed in tiieir 
nature, it is not difficult to determine to what species of wood the 
petrified mass originally belonged. Thus, in Plate II. Fig. 4^ and 
Fig. 5^ is a specimen which bears an exact resemblance to a piece 
vof deal, which, having split at one end, has had the rifls^ therdby 
^vccasioned, filled up by a dark coloured bitumen, as is depicted in 
Fig. 4. ; and which, as is shewn in the section of the same piece, at 
Fig. 5., has insinuated itself to a considerable depth into the sub- 
stance of the wood. Volkman describes a similar specimen, as 
having a black crust, like resin or pitch; and which he supposes to 
have been the resin of tiia fit or pine; which liad been caused thus 
to exude, by the influence of subterranean heat. The fir^ whidi.in 
a petrified state is known by the terms Elatites^ Peucitesy and Li- 
thoxylon Abietisj is said to be found less frequently in a petrified 
state, than many other trees ; at the same time that it has been 
found, in a bituminous state, much more frequently, than any 
other. But the supposed frequency of its occurrence, in a bitumi- 
nous state, is very likely to exceed the fact ; since the high degree 
of inflammability, which bituminous woods possess, has led to the 
suspicion, that all such woods, especially if their fibres ran straight, 
were of the fir or pine kind ; their inflammability being attributed 
to the resin, or turpentine, which they were supposed to contain. 

That they are frequently found in subterranean situations, in this 
island, is indubitable. Dr. Leigh, speaking of the subterranean 
trees found in several of the morasses in Lancashire, says*, •* Not 

* The Niitund Hittory of Lancashire, Cheshire, lie. by ChwrleB Le^h, M.D. lioa, p. «9. 
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only fir-stocks, but fir-apples, are likewise found in these morasses ; 
and these, I hope, gentlemen will allow me, could not belong jto 
any other tree, but to the fir : besides, the grain of the wood, and 
the turpentine which upon burning drops from it, sufficiently de- 
monstrate it to be really fir/' 

Mr. Daines Barrington informs us, that he happened to see, 
near Loch Rannoch, and in other parts of the highlands of Scot^ 
land, subterraneous firs which had been lately dug up. On cutting 
them he found that they smelt strongly resinous, and he concluded 
that there could be no doubt but that they were firs, the grain of 
the wood farther warranting this opinion. The poor people, he 
observes, in those parts, use small pieces of this wood, instead of 
candles. He, therefore, thinks that there is little doubt that the 
fir was formerly an indigenous tree, in the northern parts of this 
island. Dr. Plot argues, that Caesar, not having seen the northern 
parts of this island, where the pines most probably grew, might 
easily be mistaken in that, as well as with respect to the beech, 
which he asserts was not in this island, though the contrary has 
been found to be the fact. Whilst some have relied on Caesar's ac- 
count, and have believed that at the time of his visiting this island 
no fir-trees grew here, others have supposed that they have been 
subverted, with the vast forests, which were filled by the Roman 
soldiery; and others report that the remains of considerable forests 
of this tree have been seen within the memory of man. But their 
subversion, most probably, took place, at an epoch much more 
distant than that of the invasion of this island by Julius Caesar. 

A specimen of the petrified larch-tree (Laricite$Jj from Mount 
Krappe, in Hungary, is represented at PI. H. Fig. 6., purchased 
by Mr. Strange, from the Butean collection. PL II. Fig. 8. repre- 
sents a specimen of petrified hazel (Corylites)^ described, in tlie 
Butean catalogue, as from the Kiesengeberg, in Bohemia. The 

3 p 
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petrified oak (Dryites) is said to be very frequently found ; it pos- 
sesses a darker hue than the recent wood : a specimen, from the 
neighbouriiood of Vienna, bears strong characters of its original 
stete. The same observation applies to a specimen of the ash 
(MeUte$) ; of the petrified alder (Cfctrites)^ from Bohemia; and 
of the box-tree (Baeitis)^ alio from Bohemia* The fossil wood 
of the beech-tree (Onyfiits^ Sifssite^^ w/ Phcgites)^ of the laurel 
(Daphmfes)y of the sandal-tree (Sandalifei)^ of the willow fSaU- 
€it€$)j of the mull>eiTy*tree (Moricites), of the vine (PltifesJ, and 
several others, have been described by different authors. But ima- 
gination, in many instances^ has so much assisted conjecture, re- 
specting the kind of tree from which the fossil wood has originated, 
that opinions respecting this circumstance should be received with 
caution ; since very frecjueutlj tl»e supposed i-eseuibiance is founded 
oo colour, and on dii^ectioa of fibres, which may have undergone 
considerable clianges, and have even owed those particular appear- 
ances, to the influence of ciccuoistancc^ dependent on a subterra- 
Tiean situation* Whilst, in sfome, their vague and indistinct marks 
ate inMifficient to allow of any opinion being adopted, respecting 
their primitive form; in others, appearances offer themselves dissi- 
milar to those of any known recent tree. The specimen at PI. IL 
Jlf.^. Mi bken )iapjKxed^ h^ liOfiie^ to her of this kind; wlaokt 
4Aiean liii«a iufifiOBelii tt|. fitMi ttir lucge poma, to have bek>Qg0dl ti> 
lldiHe tMe, ailKd to^ thei iari>bfige4iee^ i^Rrpelfified wood «f the 
^Mta^tmm <riPfttfyrJI«/ is saki to px)saef» geserallji a dtMr whit» 
hu« Mr.Wftkh desibib^ peti^ed wao^ found in Hiiogoi^ 

%kicii he MlpfiMes ina^r h%v^ been of this tsree^ : bat he aaij^^s^ lhii|. it 
ttioll^a^% s^ilfij^ iubilattte^ reb^toblra^ at iwi];r#;,but.wfakfa»iie?aaq^jr 
it tttttino^ bowislrer^ ha/rerbee^iV since <ilkis treetyielda no refsiii jl i|dr 
^^besref^^^ftlttwugfeifclmfideiisit^ eter petnfy* Besides, 

lie renmrkir tftkt/k ^etOBhkm qiiktOity iik^ 
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staDce, and manifests no mark of its beiag of a resinous nature, 
even iriien exposed to the fire. He tlierefore concludes this matter 
must be of tbe natui^ of spar, approadiing to horn*stone; but 
whicli, like all spar, does not give sparks with tlie steel. The sub* 
stance here described, was doubtless similar to that which has been 
before noticed, as having been described by Mr.Walch, and as most 
probably being a variety of the pitch-stone, or semi-opal ; and,, per- 
haps, a combination of clear bitumen and silex. In a most beau- 
tiful specimen of fossil wood, of this kind, lately obtained from the 
collection of Mr. Forster, and which is more than a foot in length, 
and a foot and a half in circumference, almost the whole of its- 
substance is formed of a semi-opaline substance, possessing the 
clear white hue, mentioned by Mr. Walch, mingled with .a dark 
brown semi^pellucid pitch-stone: the surface only presenting the 
real appearance of wood, and that in a withered shivery state, but 
yet impregnated with silex. 

Those substances which, though now in a petrified state, are s^j^ 
posed to have derived their forms from the art of man, previous to 
their undergoing the change from wood to stone, will be examined 
with propriety, in this place, whilst consi4ering the varieties which 
occur, in petrified ligneous substances. The instances which have 
been given of any fossil substances which had derived their form 
from the labours of the inhabitants of the world, at any distant 
period, are remarkably iew, and do, indeed, all appear under cir- 
cumstances which render the actual existence of such petrifactions 
highly problematical. 

The substances which have been most frequently mentioned, as 
being of this description, are those which bear the form of logs, 
billets, posts, and planks. But, surely, when it is considered, that 
a rude resemblance may have been frequently sufficient to have 
given rise to this opinion, and that wood, long exposed to the 
weather, to alternate sunshine and wet, to agitation in water, and 




afterwards buried by some violent convulsion^ mnstJbe broieil intci 
a gi"eat variety of forms, it is not at all injprobable, that it should^ 
in sonic instances, assume an appearance, tbat might lead to the 
suspicion of its having been subjected to the opci*ations of ait. 
The same observation must apply to many of those substances 
which have been supposed to have been stakes, posts, and piles, 
which liave been driven in the beds of rivers, 8lc. Of this descrip- 
tion are the pieces of wood which have been frequently dragged 
up from the bottom of the Thames, and which have been supposed 
to have been placed tisere by tlie soldiers of Julius Caesar, One of 
these was in the possession of the late Duchess of Portland, and 
was purchased at her sale, for nine guineas, by the late John Hu 
ter, Esq. and is in the matchless museum, which, by the death 
that gentleman, is now in possession of the Royal College of Su 
geons of this city. An examination of this body tends to confir 
. mj suspicion, that substances of this kind do not owe any thing of 
their forn>8 to the labours of the Roman soldiers. Tliis piece of 
wood J abo4it three feet in length, the surface of which is broken 
into flakes, by drying, has exactly the colour, and general appea 
anee, of bituminous wood. Now from the observations, alread 
noticed, of Capt. Jului Perry, made during his labours, so ingeni- 
ously adapt^d/^tt l^6!;»JtOppiRg/ of I^ it is evident^ 
ihat the Tljjtmps^ [it^tejfsects H , vast h^u(^i. bituiiiinous wood (tnooi^ 
log) ;, ^pie^efr Qf: ivjiif h; must J^fl, perpe,t«ally separating from the 
banHs oC |be iiY.^r, ^4 f^ilifig 1)9^:i^J)Qttom; and which, being re^ 
peatedly dragged up, have been supposed to h9v:e.been pIfthtM 
there, for tib^ipurpy^e of facilit^,ting the Ronjan army in foidifig 
this river. It^de^djwher^i^pr sinjilar pieces of wood have. been thu* 
found, in ri^q;^ &o. pear to w\^jch history ipfprms us Julius Csefar 
has ever bee^,.the n^u^hi ^1^^ ^ppearanc^ of ^e wood jseeqis.to 
have led to t\ieattrij;]rutn)g,of ip.fp |Jbe ;la^ou|]^.9f .^jthat dist^^ p9r 
riodi Thus ^ M)fl?lfi^flotbjs Mn,3?vi9h^n»f«. tb^r J^!J3he.ff<»||m*«» 



I 



406 

mt tnjslast ytmi a vibTeTit storm from the nortfi-eaUt laid a part of 
It bare ; aod seveml maB8es» consisting of iron» ropee, and balls^ 
were found on tiie sands near the place, covered over with a very 
hard ocbrj substance^ of the colour of iron, which adhered thereto 
so strongly, that it required great force to detach it from the frag* 
ments of the wreck- And, upon examination^ this substance ap- 
peared to be sand, concreted and hardened into a kind of stone/' — 
The specimen which was laid before the society, ** contained a piece 
of rope, adjoining to some iron ring, and probably had been tied 
thereto. The substance of the rope was very little altered ; bnt the 
sand was so conci^ted round it, as to be as hard as a bit of rock, 
and retained rery perfectly impressions of parts of the ring, just in 
the same manner as impressions of extraneous fossil bodies are often | 
found in various kinds of strata. 

*^ Now, considering the^e circnmslances/' Mr. King says, ** we i 
may fairly conclude, in the first place, that there is on the coasts 
of this ishmd, a continual progressive induration of masses of sand, j 
and other matter, at the bottom of the ocean, somewhat in the j 

same manner as there is at the bottom of the Adriatic sea, accord- j 

ing to tlie account given by Dr, Donatio ^^^ 

** In the^aext place (which is what more patticnkirly deservesbwf 
attentioti on this occasion), it should seem, tfaftt iron, and the^fik)ki^' 
tiofis of iron, cofitfibute ^vtry much tb hAsteti and promcHe tte pl0 
gress of the concretion and induration of stone, whenever they m^ 
and ftr6 ttnrt^ with those cementing' cr^stallAie particles, ^ich' 
tfaim^ 11 i«dUM»i to helie^ are the more immedttiter^cattae df^^^^^ 
con«oiidE«iaa^ «f all stones find mttrbled whafsoev^j And^lJidim# 
very much abound in sea- water/' 

The same cofacluiaion, he also thinks, may be drawn iVoni &hdthW 
incrustation. "Some fishermen, sweeping for anchors in the (*ull- 
stream (a part of the sea near the Dowqs), drew up a very cuiioflft^ 
old swivel gun, near eight feet in length. The bairHl^f 4hb^^,i 
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wbicb was about five feet long, was of brass; but the handle, 
^irliefeby it was to be turned or travened; which was about three 
feet in len^h, and also the swivel and pivot on which it turned, 
w«re of iron ; and all routtd these latter^ and especiaUy about the 
swivel and pivot, were formed exceeding hard incrustations of sand, 
eoRverted into a kind oi stone^ of an exceeding strong texture and 
firtntiess : whereas round the barrel of the gnu, except where it was 
near adjoining to the iron, there were no sturch iiicrustatiom» at alL 
•The incrustation round the iron part of this gun wa^ also the more 
deserving of attention, because it inclosed within it, and also held 
fast adhering to it on the outside, a nunrber of shells and coralisne/ 
jilst in the same manner as they are often found in a fossil state ; 
much resembling in colour and appearance some of the masses of 
fossil bodies found near Chippenham, in Wiltshire. — It is to be ob- 
served, notwithstanding the iron was, by some means or oUier, the 
cause of this induration, it was very little dissolved, although the 
gun must have remained in the sea above 200 years, and probad^ly 
•a good deal longer. 

" Dr.Fothergill, on passing through the streets of London in his 
walks, before the sign-irons were taken down, he perceived that, 
on the broad stone pavements, whenever he came just under any of 
the sign-irons, his cane gave a different sound, and occasioned a 
different kind of resistance to the hand, from what it did elsewhere; 
and, attending more particularly to this circumstance, he found, 
that every where, under the drip of those irons, the stones had ac- 
quired a greater degree of solidity, and a wonderful hardness, so as 
to resist any ordinary tool ; and gave, when struek upon, a metallic 
sound : and this fact, by repeated obs^vations, he was at length 
most thoroughly convinced of. This observation of the Doctor's 
was illustrated by some experiments, in which he ascertained, that, 
by thus washing frequently pieces of Portland-stone with water im- 
pregnated with rusty iron, they acquired a very sensible degree of 
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the hardness here described, and on being struck gave the metallic 
sound. — Part of an horse-shoe was seen by the Doctor, on the sea- 
coast, near Scarborough, incrusted with sea-sand; and, although 
the sand was but little tinctured with an ochry colour from the iron, 
it had acquired the hardness of conmion grit-stone/' 

Part of a ladder, with some of the steps, which Mr. Baillou, of 
Florence, presented to the Emperor, and which was placed in the 
Imperial Museum at Vienna, was most probably merely an incrus- 
tation ; similar incrustations of ladders, &c. frequently occurring 
at the incrustating springs in this kingdom : and Italy, from whence 
it appears this cabinet specimen was sent, as we have already seen, 
abounds with waters^ possessing this quality. Neikel relates that 
they used/on7ier/y to shew a plate originally wood, but one half of 
which was changed to stone. But it should be considered, that 
formerly y also, the arrow-heads and stone hatchets of the aborigines 
of some parts of Germany, not very dissimilar from those we now 
receive from the South Seas, were regarded as thunderbolts. Thus 
Lachmund says, the names of Cera unia^ Ceraunius Laph^ Don- 
nersteiuy and Donnerkeil^ were given to those stones which had fallen 
from the clouds at the time of thunder, and which -resemble ham- 
mers, hatchets, wedges, &c. being perforated in the thicker part. 
He particularly mentions one, which, he says, had been driven, by 
the force of the thunder, twelve ells deep in the ground, in a wine- 
cellar; another, which had split a large oak, near Ileburg; and 
another, which had been struck into a tree, by the power of the 
thunder, in a field near Torga*. Thus also Wagner and Langf 
place the stony dice, tesserm lusorim fossiles lapidem^ among 
the petrified figured stones assuming a regular form. These little 
white cubic, and exactly marked stones, they describe as being 

* Oryctographia Hildesheimensis, a D. Friderico Lachmund. 1659. 
t Historia Natural. Helvet. fol. 329. Historia Lapidum Figuratorum Helvetia Ca- 
roli Nicolai Langii, p. 68. 





fc^/wrf.-^r^, vtridd ^'/j9t/^JUs^0^ ^Jh0i dittkftmK httwm these 
jftTi^ All 4;^ ^Ai^^r 4i€tr^it %peck^ of fossil vrood. axe tbe s 
tf/f //tftl ^/r f ffCttUr %(¥/ls <rr,mi ti^e sne of a crow-qoiU to tint oft 
|MPM#>^«ill^ Mini vitii a substance gnftenlU <tf a move frjitilfar 
%p\mMunrjrf and #/f a different colour from the grooncL The sob- 
MiiM'>M iritli ¥f\iu:U thtte tpots are filled, are sometimes eudentlT 
iM^itTAUmu: ; •^mietime* tbej resemble cornelian ; and sometimes tbfj 
iir#; nmifflHi; onai^hjne aerate, 'flie margins of these spots are, coat- 
niUMilyf W4A d^rfinrd, by a circular or oval line : in some iostanco 
tbis line i« hardly perceivable^ but in otheis.it is so thick,., that, be- 
irip; i'jfUiuiHtd through tlie substance of the stone, it forms a per- 
iM^t tubule. In the centre of these spots may be mostly-discovered 
stiirrrd bodies^ differing in. colour from the rest of^ the spot: tbe 
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stars varying in the number of their rays; some having only four, 
whilst others have five, six, seven, and even eight rays. These stel- 
lated bodies pass through the substance of the stone, so that the 
same star will be seen on the upper as on the under side. The 
variegated surface of these stones gives them a very curious ap- 
pearance: the spots, which are of various -colours, red, browi>, 
bluish white, &c. are generally quite distinguishable from the 
ground ; whilst the central star is also, frequently, plainly distin- 
guishable, from its differing again from the colour of the spot which 
surrounds it. Thus a most pleasing mottled surfece is formed^ 
such as cannot be described, and such as cannot well be copied, 
by art. 

No inquiries which have been made, respecting these stellated 
substances, have as yet terminated satisfactorily. Mr.Walch ob- 
serves, that, in some of these stones, their ligneous origin is ren>- 
dered indubitable ; the fibres of the wood being discoverable in the 
transverse, as well as in the longitudinal section of the fibres ; 
whilst in othei-s, he allows, it is by no means evident* But, as he 
remarks, the grand difficulty exists in determining the nature of 
those substances which assume this stellated form, and which possess 
colours so various, and so different from those of the other parts of 
the stone. Some, mth Mr. Schultz, have been -decidedly of opi- 
nion, that these stellated appearances proceeded from the'fillingup 
of the natural pores of the wood, by the infiltration of a ^ony 
matter; tlie wood being of s^me exotic^ and unknown kind of 
tree, whose pores were of a stellated form. Some have attributed 
the tubular part to the labour of some insert -of 4he tobularia o* 
teredo kind; and which they heve imagined has ibeetf afterwardifi 
selected, by some zoophyte, for its habitation ; whilst others hare 
conceived, that the tube, as well as l^e star-hke figurey wcreiboth 
attributable to the same zoophyte. M. (ienzmer was. oi*.opinion> 
that these curiously formed bedies-wercoriginsrily a species of stel* 
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Iftfed coraL Mr. Walch, Animg a ckMer irsemblaBce bc i n e Mi dieae 
txidiesy and th» pentagonal stalks of the enciinm^ concludes them 
to baTe been a species of cartilaginous soopbjtes. Mr. Scbalta, bj 
cotting a stcme ci»taining these substances, in Tarious directioos^ 
asoertaiaed that they are continued columnar bodies, some ci whicht 
be sajrt, are angular, othere cylindrical, and some pyiamidal. That 
tibby hare beoi a species of colunmar asterisk, he thinks, is profed 
by their longitudinal section displaying strias of two or three co- 
loait; the colour of the stone, for instance, appearing in a dark line, 
with a red or whiti^ line on each side of it, formed by two pro- 
jecting reys« 

Anxious to form a correct judgment respecting these bodies, I 
baTC eagerly furnished myself with every specimen of the kind 
within my reach ; and, imitating the labours of Mr. Schulta, bare 
obtained sections of these bodie^s in almost every direction : but, 
as you will perceive, without obtaining much positive infbrmatioQ 
respecting them« With respect to the first-mentioned opinion, that 
of these stellated forms being derived from the natural pores of the 
wood, I have to remark, that they are seen in three states, so widely 
different, as could not at all accord with this opinion. In the one, 
the stars exist without any surrounding containing ring ; in another, 
as in PI. VIII. Fig. 1. they are surrounded by circular, or somewhat 
oval lines, which have the appearance of the section of the longi- 
tudinal vessels of the plant, but uncommonly large ; and in another, 
they are surrounded by a ring, as at Fig. 3., which there seems no 
difficulty in considering, as the tube fonued by the teredo navahs, 
or some such insect. This want of uniformity, therefore, takes away 
much from the probability of their form depending on the natural 
pores of a plant. 

The opinion of their having been coralline bodies, is opposed by 
the material difference observable in their internal structure. In 
corals, indeed, there is somewhat of a stellated appearance, formed 
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by very fine lamellsD paaslng from the centre to tibe circumferencey 
the interveuing parts bearing rather the appearance of the petaU of 
a flower with the points towards the centre; the reverse of which is* 
the appearance which is yielded by these stars, the rays or points 
all tending outwards. Two very forcible objections exist against 
their being, as some have supposed, the stalks pf pentacrinites> or 
the plumose encrinus ; in the first place, the stalled of the plumose 
encrinus are so generally pentagonal, that, perhaps, not one devia^ 
tion will be found in ten thousand of their joints; whereas the rays 
of these stellae are so inconstant in their number, that o(n one spe-^ 
cimen of this fossil, of the size of the palm of the hand, may be 
seen several of five, and of eight, and of every intermediate num* 
ber of rays. In the second place, these stellated bodies are per- 
fectly continuous in their length, whereas the stalk of the encrinus 
is divided into joints, at less- than each quarter of an inch. In op* 
position to the opinion of the surrounding ring, as well as the start 
being the work of a zoophyte, must be placed the undoubted fact 
of the stellated column, being sometimes found in (t-tube, evidently 
the w ork of the teredo, or some similar insect. 

From all these considerations, I am induced to conclude — ^tbat* 
these bodies do not assume their form from any natural pores of 
the wood — that they are not coralline bodies — that they are not 
stalks of pentacrinites — and that the surrounding ring has noti in 
every case, been derived from the^ same origin as the contained 
column. Thus much, I trust, may be asserted, with respect to what 
these bodies are not ; but as to any opinion, aa to what they leally- 
may have been, the doubts under which such opinions have been 
formed, require that I should deliver myself with hesitation* Then 
appears to be every reason to conclude, with Mr.Walcfa and others, 
that this columnar body was originally a zoophyte; totally different' 
from any which are now known to exist, and in very few cespects^ 
indeed, analogous with any of tho^e which we see in a fisssil state. 
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ft tflso a^pieati,)lSiat<Aie of'tiM'habitudM sf this idaectHwaa Aatflf 
fomiiog;aotiube»/oi^its dooucUe, ia anj^i^pfopriafce sobstaBoe; sad 
that decayed wood was'BKMt^frequaatty* if aetalways* sdected^bj 
itforithispiifpose. t - 

.Naieiition op tpOGipien, wUch IJiave yet seen, allows us- to* dobo^ 
■aiae whether the complete aninud wu in one oontinuout straight ' 
ffoteaiafyb^y» or whether- it separated into lamificatiojns : nos can 
it baaioertained,; by any specimens Ihaire. examiaed, what it- the 
aattiral terminatidn of the ends of this substance ; noishange of iti 
ci^amnar'^rm -having heeia yet seen, wluch'would authorise 'dM 
suspicion of its divancating, and fonning a h^ul in the maanerel 
the'cncrinus. 

Plate VIL Bg. 1. represents a specimen which gives a'TcQr Ak 
ymimble vieir <if the genieral appearance 'wliich thb stone ykUii 
it. 4s^iiot, howerer, so rich in eblour, as 'some specimens aro; ' On 
the lower edge very |4aia traces of its ligneous origin may be per* 
cetvedf and towards the other edge- may be seen sevetal of the^rtdb^ 
lated bodies in die tubules, to which some are attached at one aMc^ 
whilst others are ezaetly in tile centre ; the other part of the tubold 
being iii some entirely empty, and in others either in part or com* 
pletely filled by siliceous cryMsrls. 

Plate VII. Fig. 2. is a view of one of the sides of the above spe* 
cimen, wbich possesses a striated and variegated appearance, from 
its shewing tl^ perpendicular section of the tubuli, the contained 
starred body, and tlie fossil wood which is interposed between the 
tubuli. A careful examination shews that tlie stellated bodies them* 
selves are in this direction striated. Fig. 3. ref^esents a specimen 
in which the marks of wood are very decided. The tubules in this 
specimen have. .every appearance of having Ixen formed by tere- 
dines: possessing, in general, the same size and form with those 
which are produced by this animal ; and being also lined with a 
similar coating. The substance filling the tubules is constantly sili* 
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cebiis ; and sometfrnes, and particularly in this specimen, it is per-^ 
feet agate, in some parts of a reddish, and in others of a bluish 
white : the stellated body being frequently to be seen, either in the 
centre, or at the side of the agate. Fig: 5, 6, and 7> represent these 
stellated bodies, with their surrounding tubules magnified to about 
five times their natural size. When magnified to this degree, their 
substance is discovered to be intersected by several curved lines^ 
which doubtlessly formed the canals through which the fluids of 
the living animal passed ; but the spaces of which being now filled 
with siliceous matter, an appearance is yielded very much resem-» 
bling the plates forming the exterior part of some echini and asteriae. 

As the animal nature of these bodies can hardly be doubted, their 
examination in this department of our inquiry seems to be hardly ad-.* 
missible ; but as by far the greater number of the specimens in which 
they are contained, are evidently of vegetable origin ; and as all the 
specimens which I have seen may be considered as^ varieties of fossil 
wood, differing from other fossil wood, only by. the accident of the 
introduction of this particular substance,. these observations may be, . 
perhaps, introduced here, without any considerable. impropriety. 

Influenced by almost similar reasons, I shall here introduce some 
remarks on that fossil wood, which' is so frequently found on the 
shore of Essex, as well as^ on the opposite shores, which,: being hol-< 
lowed out into tubular cavities, .apparently by the- labours of the 
teredo, has been distinguished by- the name of Lapis Syringoides. 

Representations of specimens . of this stone are exhibited at 
Plate VIIL Fig. 8, 9,. 10, where the devastating, labours of this 
animal are sufficiently apparent 

It may not be amiss to remind you, that^ from the time of Theo^ 
phrastus, the lignivorous powers of this creature have been known 
and dreaded. Linnaeus describes it as a terebelUij possessing two 
calcareous hemispheres for cutting out, and two for piercing ; its 
round bending shell piercing into the wood. . Dr. Baster describes 
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iU bead as being of a m<»t wondafiil ftrii€tarc% betog cohered witk 
two hard ibdUlike bemicrania ; but of a sobstance, ta fealitj, no- 
tfaer offieaai nor testaceous. These hemicmnim^ which are whiter 
than the rest of thetr bodies, be speaks of as exceeding in hardnesi 
the testaceotis tube ihej io habit : tbetr iimer surtac^, he dc^cribes^ 
as being hollow and snooth; and the outer, convex aiid roiifhp 
baTine three ranges of fibna, passing in di^eient direetioiK. lliese 
two hemicrania^ which are connected by strong ligaments, and, as 
it were, by a sinall hinge^ by which they are able to dilate^ without 
separating, beside defending tJie soft head, are the idstmnieots by 
which the aniina] procures its food : itnce being placed in a man* 
ner similar to a doubk bit of that kind of borer we call an augur, 
whicherer way the head is turned, the raided and rough fibres, 
either of one direction, or of the other, rub oflF some of the part^ 
cles of the wood*. 

In the year 1730, the peivons appointed to take care of the dykes 
on the coasts of Holland and Zealand, observed that the piles maiit 
of even the hardest oak, and placed for the purpose of defending 
the coasts of tlie Netherlands against the sea, were eaten tiirough, 
in a few moutlis; and so weakened, a^i to be broken by 4ha alighfiest 
Autre. Sui^sed at tliis alarmiag pheDamencm, they inqnifed into 
kf came, and found that, by the astomshii^ increase m the nnm^ 
bet of iibmt animak, the iqbabitants twere thieatened with the 
grealbMt danger. To this alaAH mt <iwe the account given faf 
Dr. Baater; the inquiries of Dr« Mastuet^; and the dtffoae and 
^bdrate^ Init truly teamed work of Sellius:}:. 

That the fossil remains of wood^ h«« depicted, bai^ deiired 
their ptes^it appearance from the devastatimi of these same ciea- 
tures, there b very little reasdn to doubt ; since we find in them 

* *» . 

* Philosophical Tr^asactioDS, Vol. XU. Pari I. No. 455. 

t Riichei'ches inferess^ntfes rOrigine, &c. deis direrses Especes Sid Vers, 1 TaflpeiflL * 

i ffiiUtfkNitiirt«f»6fcdiniiMw4n«. ' i- - * V w,iv . 
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moat of those characteristics of the testaceous habitation of the 
teredo, which Sellius has so accurately described. We here see the 
external small opening, dilating as it penetrates the substance of 
the wood — the* same testaceous tube, its external surface bearing 
somewhat of an annular appearance ; whilst its internal part pre- 
sents a finely polished surface, except where invested with lapideous 
matter; and, in one specimen, the hard testaceous cutting hemi- 
spheres may be seen, left in the wood, which they have been exca- 
vating, and petrified with it. In these specimens we also discover 
the frequent close neighbourhood of the different dwellings of these 
animals; and remark, with admiration, the care and wonderful con- 
trivance by which they have guided themselves, so that they should 
not render inconvenience to each other ; reminding us, that 
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Cognatis maculis similis fera. 

Thus we rarely see an instance of their at all invading each other's 
premises, whilst pursuing their frequently tortuous passage ; but 
each one pursues its allotted path and operations; and, like the 
locusts, as mentioned by the prophet Jod (chap. ii. v. 7, 8.), so 
ap#f- quoted by Sellius^ ** They march every one on his ways, and 
they break not theif ranks ; neither does one thrust another, they 
walk every one in his path/' Tliis icurious circumstance will ap- 
pear evidently on a view of PL VIH. Fig. 9- 

As in the ordinary fossil wood we have perceived that its lapi- 
deous impregnation may be either effected by the introductionr of 
lime, silex, or alumine, so also, in this variety of fossil wood, simi- 
lar impregnations are met with. In^ PL VIII. Fig: 8. Hs represented 
a most beautiful specimen of silicized bituminous wood, in which 
the ravages of the teredo are very manifest. In this specimen, thtf 
filtrated siliceous matter, having acquired a strong brown or yel- 
lowish tinge^ perhaps from the admixture- of fliiid bitmnen, ^fills up^ 

3 u 
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one of the cavities, left by the worm, with a transparent topazine 
calcedony, giving an appearance exactly resembling that of the 
larva of some insect Its other cavities are filled with a substance 
so strictly agatine, as to possess not only the colours^ but even the 
lines, which characterize that species of agate called the fortification 
agate. Fig. 10. of the same Plate represents a piece of silicized wood» 
which has the appearance of having suffered but little change from 
bituminization;. having rather the appearance of a dry withered 
wood. In this specimen the cavities formed by the teredo are uni* 
formly filled by a white pellucid calcedony, apparently free from 
any foreign intermixture. Fig. 9- of the same Plate is from a spe- 
cimen which is impregnated with carbonate of lime, which, in a 
spathose state, has filled several of the tubes formed by the teredo, 
and invested the internal surface of others. Frequently particles of 
pyrites may be seen intermingled with the calcareous spar; and 
frequently also will the wood be so permeated by clay, as to allow 
it to be termed aluminous wood ; employing the term in that loose 
sense, in which it has been already applied to fossil wood, into the 
interstices of which clay has freely penetrated. 

On putting a piece of this wood, impregnated with lime, into 
diluted nitric acid, the same effects were produced as when o/liier 
calcareous fossil wood was subjected to the same experiment. Tlie 
caibonate of lime was decomposed, and, on the earth being re- 
moved, the fibres of the wood were found in a loose and detached 
state ; of a dark brown colour, and burning with a white flame, 
and a bituminous odour, on being applied to the fiame of a candle. 

I have, in a former Letter, remarked that the process of bitxmii- 
nization seems to be inimical to animal life ; and that, after any 
vegetable substance has been exposed to its inlluence, it appears to 
be no longer fitted to become the aliment of any animal. Nature 
having now destined this matter to undergo a peculiar chemical 
change, the first step is to prevent its being subject to any other 
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kind of alteration, which might interfere with this an-angement. 
Agreeable to this opinion, it appears to be right to conclude, that 
the wood in these specimens has been exposed to the process of 
bituminization, since it had been subjected to the ravages of the 
teredines. Tliese pieces of wood, I, therefore, conjecture to have 
lain in the sea, subjected to the devastating labours of these ani« 
mals, until, by some of those changes of which a former Letter has 
aimed to give, ^t least, some slight notion, they became over- 
whelmed with earth ; and that, whilst thus buried, and secluded 
from the atmosphere, they passed into the bituminous fermentation ; 
and afterwards, from the infiltration of certain tapidific juices, ob- 
tained their present mode of existence. 

Mr. Walch observes, that it is very rare to find shells, or the re- 
mains of any marine animals, among mineralized wood. He knows, 
he says, of very few instances indeed*. Scheuchzer describes a 
specimen of fossil wood, to which is also affixed a fossil oyster-f*. 
Davila also describes a piece of fossil wood to which an ammonite 
adhered. I have in my possession a very beautiful specimen of 
fossil wood, imbedded in a piece of the rock from Charmouth, in 
which is also fixed a very perfect spathose ammonite, and other 
specimens in which ostreitei are thus attached. But the fact ap- 
pears to be really this, that this junction of animal, with vegetable 
substances, in a fQssil state, is only rare in those fossils which are 
actually siliceoi|s« 

Yours, Boe. 



* Recuett des Monaoneni des CatOBtn^lies, Ac. torn. iii. p. 30; 
t Oryctogr. Hdvct. p. 1^40. : , i • : ?..: 
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LETTER XLIV. 

SECONDARY V£G£TABL£ FOSSILS... .IN* SCliISTI....IN SAND-STONE 
«...IN CALCAREOUS STRATA. ...IN ARGILLACEOUS NODULES. 

It gives me much pleasure to learn, that you purpose to extend 
your tour into Wales. The visiting of Dorsetshire, Devonshire, 
Sopierset&hire, and Gloucestershire, those vast mines of secondary 
fo6«ils, and the traversing of Wales, with that pleasing and instruc- 
tive companion, Aikin'sTour, in my hand, are among those thoughts 
which frequently arise, but which, hope, reluctantly, refusing to 
cherish, perish even, perhaps, the moment they are formed. How 
delighted should I be to view the wild Cambrian scenes, and to 
trace the mountainous bottom of the antediluvian waters! Nor 
should I be less pleased at viewing the various specimens of coal* 
slates, impressed with vegetable fonqs, which you will there find 
in great abundance. These you will frequently perceive to be so 
perfect, that our sceptical friend Wilton will no longer be able to 
hold out : he must, at last, give up the opinion, to which he has so 
long, and so pertinaciously, adhered, that these are the productions 
of the wanton and fanciful sports of nature ; and must admit them 
to have derived their forms from antediluvian vegetable remains. 
With the hope of securing a convert, and of augmenting the plea- 
sure which you must all experience, in the contemplation of these 
wonders of nature,. I shall, in this Letter, offer you a few observa- 
tions on their origin and formation. 

In most of the strata which are found immediately above coal, 
decided marks and impressions of vegetables may be discovered: 
but it seldom happens, that any traces appear on the strata, on 
which the coal lays. A considerable difference also exists, between 
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the several kinds of strata which lay immediately above coal, as tcr 
the quantity of vegetables they contain, and the state in which they 
are found. The strata which, most commonly, form the matrices 
of these vegetable remains, are of the schistose kind ; sometimes of 
a bluish grey colour, nearly verging on black ; sometimes of a dark 
brown ; but most frequently of a jet black. In these schisti, the 
impressions are often disposed as smooth and flat^ as if the plants 
had been carefully placed between the leaves of an herbarium. 
Where this is the case, and the vegetable remains thus form a sepa-> 
rating medium of considerable extent between the lamina? of the 
schist^ the complete separation of these laminae is easily effected, 
by a small well-directed force; and tlie impressions of the vege- 
tables are thereby clearly displayed. 

The most beautiful specimens of this kmd, perhaps; in the worlds 
are those which are in that superb collection forming the Leveriaa 
museum, now the property of -^ — r- Parkinson, Esq. These speci- 
mens are almost all from the coal-pits of Lancashire^ and appear 
to be similar to some which are described by Dr. Woodward as 6b^ 
tained from the Canel coal-pits, near Haigh, Lancashire. The col^ 
liers there, he says^ call the substance on which they are formed 
black-baft: the colliers about Newcastle >and Durham call it plate^ 
The stratum of this is about a yard thitik, lying 120 feet deep, and 
30 feet above the Canel-coal. One speeimen he describes as a black 
slaty coal, marked in a quincunx, manner, &c. much like what 
might have been made by the baric of commoi^ fir. Another he 
describes a3 having the appearance of long striated leaves, having 
the appearance of joints, &c. upon a dark grey slaty stone. Hie 
stratum of this^ he says, lay at the depth of 35 fathoms, in Bransty^ 
cliff, by the Duke of Somerset's salt-pahs, near Whitehaven* The 
stratum, he says, was about a foot and a half thick ;and^. upon the 
breaking the stone, leaves of plants appeared very thick in all parts 
of it^ whene the grain of the stone was thus fine ahd dense. But 
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fdiere U happened fo be more gritty, ccNuve, fad Jfoc, tj^fninrfif imjt 
^ne leaf to be met with*. Specimens of lichigti thos beaijjjqg impraif> 
•ions of vegetables ate display^ Plate I. Fig. 6. and 7. ; Plate iV. 
Fig. 6. and 7- ; Plate V. Fi^. 1, 2[ S, ,6, 7, 6, 9. 

1 The impressions of leaves axe much more larely dutcofreved-in^he 
sandHBtone strata, and are baced widi much more diffieulty;' owing 
in part to the uncertain direction, in which these stones often spbt; 
and, in part, to the leaves being twisted, and jo their laying in a 
confased and irregular direction: heqce the leaf is genenliy divided 
widi the stone, and its edge, or sectibd, only exposed? iSmne^BMs, 
bfiowever, a viery fiur impression of a leaf may be seen, <MitiuulT- 
stone; but it iHll be fDuhd, in general, to differ very mucb in awme 
respects from the impresnons on the ar^itceous sjcbists. Plate V. 
FSg. 4. and Plate III. Fig. 5» 4, and 5. represent the ioipressien of 
vegetables on different kinds of sand-«tone. .< • • • 

. The occuitenpe of vegetable remains in lime-stone stn^ta is ink 
douhtedly much more rare them in the argillaoeoos, <[» acUiti; 
Schttltaen sospedts some error, in thofea^jcptints which state tiwif 
hamni^ been. observed; 'i|hd .Mr. Waloh, w^a entertsiins the sajgoe 
suspicions with Schultjsen, accounts for die ..rarity of their bdng 
met with in lime-stone, or marble, to the calcareous mountaios 
having been formed at the bottom of the sea, where vegetable mat- 
ter would be least likely to accumulate : but that they do occur in 
lime-stone strata is indubitable. 

The remains and the impressions of leaves of trees are irequentlj 
found in the fissile calcareous stone of Oeningen, and in the calca- 
reous stones of other parts: some of these may, perhaps, with pro-, 
priety, be supposed to owe their present situation, to the effects of 
the general deluge; but others, especially those which are found in 
stones, apparently of a tufaceous origin, have been thus entombed, 

• CaUlogttc of English Fossils in the Collection of J. Woodward, M.D. Part U. p. 16. 
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at a much later period. Indeed it is rather to be expected, from 
Ae frequent falling of leaves on the soft naargaceous^ or tufaceous 
matter, on the borders of lakes and rivers, that instances of such 
preservation of their remains should be frequently met with : whteh 
18 the case in many places in Germany and Italy, as well as in 
several other parts of the world. 

Rounded nodules of argillaceous iron frequentFy contain in their 
centre the remains of plants, the forms of which are preserved in a 
state of wonderful perfection. The most particular account of these 
substances has been given by Dr. Woodward ; and, as it appears to 
have been the result of his. own observations, I have here transcribedi 
it, " These nodules, with leaves in them, are called Cdt^headSf and 
seem to consist of ft sort of iron-stone, not unlike that which is 
found very plentifully at RobinhoodVbay, in Yorkshire, and in the 
rocks near Whitehaven, in Cumberland ; where they call ^em Cat^ 
scaupSy and are frequently melted with the softer iron ores. These, 
perhaps, differ not much from those described by Dr. Lister, de Font. 
Med^ by the name, as I remember,, of Minerce Ferri Filaformis^ called 
Ball-mine in Staffordshire. These cat-heads are found only at Ken- 
ton, which is about two miles to the nordiwardof Neweastle; and 
Newbiggin, about a m^ to the westward of Kenton. Those of 
Kenton atteqd the stratum of coal; but lie in abed of blue chiver, 
about a fathom thick, and have another stratum of black chiver of 
the same thickness lying under them.^ They are generally about six 
or seven fathom, from, the coaL Those of Newbiggin are but three 
ftithom above the coal. Thefy have net always leav^ in Hiem ; in- 
tked, not above one in five or six. When fresh taken forth, they 
bceak difficultly and irregularly; but when exposed awhile to the 
air, they split easily, and part at d^ leaves. They are of several 
sizeS) from the bigness of aiwaliiiit to that of a man's fist. Tliey 
are found pretty plentifully ; and at abotlt the depth of 40 fathom*.^ 

. « Catalogue of :Engli8b Fossils,' '. Burt IL p. 14. 
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The specimens depicte4 at PLL Fig. 8,, PI. IIL Fig, 6., PL IV, 
Fig. 1, 2, 3, 4, PL V. Fig^ 5» 6, 10, lU are all of this kind. These 
specimens are^ however, not confined, as appeam by Dr.WoodwaTd's 
account, to 4lie neighbourhood of Newcastle ; being also found in 
DerbyBhirc, and in Wales; and, I conjecture, in most places where 
masses of iron-stone accompany coaL 

- The only specimens in which I have seen the impressions of leaves 
in siliceous stones, are such pebbles as are tigtired at PL HI, Fig. 7, 
which are frequently found in various parts of England. The 
pebble appeans to have been partly inveloped, wliilst ia a soft state, 
in a piece of a leaf, by which it has acquired tlie^marks which it 
J[)ears on its siu^face* ^ r fa We^ 

YoiirB, & c , g j^ Qfl iiiiri 
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LETTEE XLV. 



OREAT DIFFICULTY OP ASCERTAINING EVEN THE GEKERA OF 
TH&JPlJlIStXi^ WHICH : ABA vfimi (HBMUimVEill^^aDOiXSilirBSOIIi 
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AwiftAttQjp,ttefdi|i€iiity.tf^ timi tliB 

onUmoft 4£;» Jeafi^ . the spedba^ oc ^ven i^nna,! m£ the iplanti txr jwU ck 
it[ bel<Higj9d&: »Mi> idso w«U Jkiioifw^ yth^ the gr»ter pafert jof tfafl 
nemaip^iofiplanU^ tikiiA pieMVi^ed, bav» becki/acknoviedged^ ioMvi 
belonged .tcr planta not ktiawn tovboiuiiftsi; fl amtiousl^ songlit,! 
and wfts Itapf^ in obtainii^f ti^iaid ef j| gentleiiian f whose geneial 
botmiical knowledge, kit given^^ iiiin highi oank among the disciples 
of liima^us ; and wkwe particular knowledge^ respeetiog tbe^daiakt 

^ Dr. Jame» Edwaii flaM^ Prealdeak ol^tte LoinkttLjfiltoictj^ lie. 
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ferous plants^ trould stamp considerable authority on any opinion 
he should offer respecting this order, which comprehends by far 
the greatest number of the objects of our present inquiry. But, 
though possessing all the knowledge within the reach of an European 
botanist, the close examination which he kindly made of the vege- 
table remains depicted in PI. IV. and V. would only allow him to 
give an opinion, far from decided, on very few of them. These 
fossil remains of vegetables are, he ol^erveg, & sort of botanical 
riddles ; and, with respect to those which appear to be fems^ the 
difficulty of determining to what- species the several impressions 
may be referred, is augmented by there being so many thmgs which 
they may be, and so many things which they nearly resemble, with- 
out being the same. Of the figures represented in PL IV. he was 
of opinion, that Fig, 1, 2. seemed to be a Pteris; Fig. 5. could not 
be safely referred to any known species — but was most like a Dick- 
sonia. Of Fig. 6. he observed, it might be an Osmunda ; but ac« 
knowledged that he knew nothing like it. Fig. 7. he observed, had 
the habit of a Pofypodiunt. Of the Figures in PI. V. he was of opi- 
nion, that Fig. 2. was probably an Adiantum ; and that Fig. 6. and 
Jig. 9* were species of PotypotUumr he ^tm con|ectm«l that they 
were all foreign^ and productioiis of s warm climate. 

I cannot thus pass this kind eommunicmtion, without more parti* 
cnlarly pointing out to you, that the paucity of the information 
iims gained results, not from want of kind exertions of those powers 
of investigation, which this distinguished botanist posffesses ; but 
frmtir the absolute impossibility, at present, of farther removing the 
veil of mystery which time has placed over these substances. In 
confirmation of this opinion it must be mentioned to you, that 
Dr. Woodward joined to his own, the judgment of four gendemen, 
eminent for their knowledge in botany. Dr. Pltfkenet, Mr. Stone^ 
street, Mr. Buddie, and Mr. Doody, for the purpose of examining 
that class of his specimens^ which contained tlie leaves of plants. 

3i 
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depicted, in other respects also. The stone, which came from Si- 
lesia, is of a margaceous kind, and of an ash coloiir, tinged with 
iron; the plant itself being dark. The specimen of Scheuchzer 
was also obtained from a coal-mine, at Altwasser, in Silesia. 

The appearance of the specimen PI. III. Fig. 3., and which is 
represented with the strictest fidelity, is exceedingly uncommon. 
The matrix is a fine grained sand-stone ; and the vegetable form 
which it bears is produced, merely, by- a very superficial stain of 
bitumen. Fig. 6. of the same Plate displays a fossil frequently 
fbund in the iron-stone of Coalbrook-dale, of Derbyshire, &c. In 
the centre may be discerned a stalk, with a reticulated, or rather 
imbricated, surface, from which seem to proceed a considerable 
number of thin, narrow leaves, by which it has been surrounded, 
its resemblance to any known plant is not sufficient to have allowed 
any one to point out, with any confidence, the plant of which it 
may have been a part. Scheuchzer thought it most resembled 
" Equisetum, adhuc tenellum, in*densam foliorum spicam, con- 
gestum ; vd spica planter alicujus hactenus ignota." Walch iqia- 
gined it to bear some analogy with the Myriophyllon, Linnasi. Per- 
haps, he says, it may be Millefolium aquaticum, fiosculis ad folio- 
rum nodos. The stalk, iio^irever, which, if not imbricated, has a 
regular reticulated surface, pr-oyes it not to belong, to either genus, 
llie ingenious Mr. Martin, in his descriptions of the petrifactions 
of Derbyshire, considers this fossil as the stalk or stem of some lost, 
or, at least, unknown vegetable, somewhat resembling a cone of the 
fir-tree. 

- The fragments contained in the nodule Fig. 3.; and 4* are not 8.uf- 
ficiently perfect to lead to any conjecture, as to the plant to which 
they belong. They, however, serve, with Fig. 1. and i.^ already de* 
scribed, to illustrate the circumstance of , the two surfaces of the 
divided nodule representing the same side of thel loaf, as will be 
attempted to be explaijied in our next Letter, -••» •* ^ 
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A similar specimen with that reprDsentecl PI. V. Fig. S- has alsQ 
been depicted bj Valkman^ from a schist from Sile^iat whence this 
specimen was also said to have been obtained. He d^cribes it as 
Rubia sylvestm^ or molluga montana ; GaUtum album latifolium^ 
Casp. Banhin ; Galliuni album, Touraefortil Mr. Walch states it 
to have been the opinion of M, Gunther, that it is the Rubia parv^ 
florc csruleOf canliculos per terrani spargens, Joh. Bauhini. Lhwyd 
has also figured it» Tab. V. Fig. 202., and describes it as Rubeola 
mineralis^ a fodinis Actonensibus^ p« 12. Fig. 7% of the same Plate 
teems to represent a part of the same plant, in an erect position, 
manifesting it to be one of the verticUlaim ; and, perhaps, also shew- 
ingt that the verticilii are nearer to each other, than in the plants 
with which it has been compared- This specimen is an iron-stone, 
the fractured surface being of a rusty colour. Fig. 4. of the same 
Plate is a micaceous sand-stone, bearing a dehcate, but very per- 
fect and beautiful impression of a leat; which, bearing no peculiar 
characteristic marks, cannot be referr^ to any paiticular plant 
Fig. 5t of the same Plate represents the leaf of some plant, entirely 
unknown, in an iron-stone nodule. The kind represented Fig, 9, of 
the same Plate, on a coal schist from Wales, very much resembles 
tlie specimen figured Tab. III. Fig. 7- of ScheuchEcr's Diluviaa 
Herbarium^ p. 19* ; of which he says^ ^^ haud ablndit Eilu^«pii,Mit 
noiE major, pinnulis kmgis angustis, profuiide dwtMi% wiproBM 
piniia kmgiiis muccaftata/' Pltik. < AmaUb. BoUoh p. 9S* <»l)fe406« 
Wig. 10« is the lemainSf Uttle mora than the stalk «pipe«niigi crfg |Mh 
baps, an Equisetum, in an iron-stcHie, of a fed colour, froqai CMr 
tnooknlalet in Shisopabire. Fig. 1 1 . ia al9Q from CofillpmoMale, Jind 
ii in am inmHitoiie o£ the same colour with tke former^ JJL ocmtoinf 
a plant probably of the same genus also : the fossil described hOf 
Uiwyd^ >ai Na 2Qd, approaches near to k. This lie idescnbies af 
AparinsB densius foliates semulum Lithophyton radiosum. £ fbdinis 
Glamorgensis. The plants ia both Uiese a|^>l»imens^ appear to be 
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wmataisdlj eantracted oar ihniiik. Wliether thisappeannce no^- 
Cfods iiom the cUi«ctkm in/wbidi Ihe learcs are placed, preienoDg. 
liille moto than their edges» I cannot detennioe : bo& specuBena, 
hoireiwfsr, may owe liidr colour to the- action of Ire,, to which they 
May have been exposed. Fig. 8.. of the same Plate represents one 
of the^e impressions of scbisti, already mentioned^ as described by 
£lr. Woodward, 6om the. coal mines of Haigh, in;LancairiuBe. ■ 

Mr. Da Costa, in a paper on tbe impresaoas of friants,. on tho 
llates of coak (tdddm ierratvk nigerearbonariuf}* fdaud immedi^ 
ately on the coal rtratam^ not only of tfaia kingdom, but in France» 
SaoMMiy, Bohemia, Silesia, &c.. conjectures that tfaey«re impression^ 
and parts of diffemtt species of pines, of the tithymals, tfaecereus'Sk 
kc, ; of large leeds,^ and of some arborescent plants. His 'accoont 
is aocompaaied by engravings, the descriptions of which are neces* 
sarily very shorts His first figure is (^ an impression of a plant 
with rhomboidal work on it, with which tiiree long nanow leavet 
Wiere found, which appeared to belong to it. This sptdmen was 
firom Oswestry, in Shropshiie ; a umilar figure is given by Volck» 
man, in hia Silesia Snbtcrranea, Tab. XXII. Fig. 3. ; and it seems 
to resemble that described in Dr. Woodward's Catalogue, B. 10T» 
i|i. 23. q. 32. p. 106. "I^e second and fourth seem to be of the reed 
kind, having knobs placed in rows on their surfiu», like the vesidet 
«f some species o# the rushes. This specimen seenos to have beett 
ainnlar to one dcscmbei by-Dr. Woodward, B. a. 1. p. 9> The third 
impression be suppesea to have derived its figure from some pbmt 
mi tbe fir kind. T^e fifth specimen is from Mostyn colliery, FliB(>> 
^ire : its surface, w1m»i attentively, viewed, eadnbits a reticnlar im^ 
peession of mesh-work, or rhomboidal hollows; the sides of the 
l^mbs, or the net-work, being raised m relief. li^'Fl. I. lig. d 
you will find the representation of a similar specimen firom fkaaoe; 



430 

-and serves as an instance of the peculiarity -of surface iliese im« 
liressions frequently possess. The appearance here so Varj^ng,' witli 
«the change of light, as hardly to admit a fair representation of the 
protear surface; the artist, with every exertion, not having been 
able to succeed to his wish in this.respect; since although in some 
points of view the rhomboidal form would kppear^ in most othCTs 
the transition into somewhat of an* oval appearaiice would be dis- 
coverable. In the centre of these projecting bodies^ small holes are 
observable, being «;uch as might be expefcted for the: insertion of 
9etffi, or of setaceous leaves. In the sixth of Mr J Da Costa's spe- 
cimens, studs, apparently also for die insertion of^setas, are regu- 
larly disposed in the wider .and almost oval interstices between the 
nearly semicircular receding waves of undulating lines. This form, 
so di^fficult to. describe correctly, is well represented in the third 
number of Mh Martin's Derbyshire Petrifactions.. .It is also to be 
seeniaVolclcnfians Silesia Subterranea. 

; Plate IH; Tab. IV. Fig. 9-, Mr. Da Costa> sixth figure^ you wtH 
find is very successfully represented in Plate V." No. 8. -" A capeful 
examination; of .the specimea from which (his figure .was drawnj 
furnishes some inforriiation respecting the nature a»d:th^ formation 
of these fossils. This specimen, which is not quite half an inch in 
tliickuess, bears a similar impression on each side ; and having been 
purposely placed in water, and allowed to remain there about two 
hours, became very soft and friable: the internal part becoming 
resolved into a pulpy mass, which had evidently been formed of a 
confused heap of grass, and other vegetable matters, intermixed 
ivith dark argillaceous earth. The external part appearing to have 
been the iepidennis of some species of the cactus: the internal suc- 
culent part having been washed away, and its place supplied by 
these foreign matters, which have become inclosed in it, and havT 
prevented its sides from having quite collapsed together. Thus 
may we account for the dilferent degrees of ti)ickness which these 
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fossils possess : this depeodiog . partly on their original ibrm, and 
partly on the distance at which -the outer coat has been kept, during: 
the resolution of their internal substance. The form of these fossils* 
may depend also on another circumstance. The plant being buried 
in a soft margaceous mass, its external coat may remain attached 
to the inside of the mould, which it had formed, whilst the cavity ,v 
left by tlie resolution of its internal succulent. part, would graduallyi 
be filled up by the introduction of earthy matter. The cortical 
part, thus inclosed in earthy, matter, would undergo the bituminous^ 
change ; and the bitiumen, thus filling up the impressions in the 
mo]Lild, which the external surface had formed, would present the 
exact figure of the original surface. That such a change has. been 
produced, and that, the cortical part of these plants was much 
thicker than any of the succulent plants now known, is evinced in 
numerous specimens. So different, indeed, do these' plants appear 
to. have been from any^vegetable now known, as to give f ulLreason 
for supposing them to have belonged to a tribe entirely lost. . 

Every oryctologist is :aware of the difficulty of giving names to. 
fossil plants, each schistous stristtum being an immense herbariumy 
of which every separated schist is afolioy .on. which are depicted the 
figures of plants, of the old worJdii moat of which no>longer exist, 
or. if t\iey do, it is in counjtrie&.so distant, as to leave us seldom any^ 
other proof of their haviog^ ever existed,! but that which is yielded ta 
us by their impressions. : Not only is it difficult, with many fossil 
plants, to determine the species and genera in which they should 
be placed ; but frequently it happens, that their appearances differ 
so much from those plants with which we are acquainted, that it is 
not possible even to determine their proper station in the natural 
orders of plants. Among the remains of plants of this latter de- 
scription may be mentioned those of which we have been just 
speaking, the appearances of which seem to be such as to defy 
description. You have already observed the avowed inability of 
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Dr. Woodward and Mr. Da Costa to foim a judgment of their na- 
tnre^ or give a satisfieu^torj account of the appearances which they 
present: a later writer, Mr. Walch, appears to have experienced no 
less difficulty. In one specimen of 4;lus kind, he remarks, the ap- 
jpearances are such, as would have been jMnoduced by the feet.of a 
kid, and even suggests that the impressions on its surfiu» might 
.have been the track of some such animal. 

To particularuBC ail the different known plants which have been 
supposed, by diffisrent authois, to have been seen in a Ibsnl state, 
<woul4 employ much more room than can be allotted here for that 
purpose, especially when we are, at the same time, taught how little 
Teliance can be placed on the opinions thus given. It is, perhaps« 
sufficient to say, that the fossil plants of Germany have been de- 
scribed by Leibnitz; those of Saxony, by Mihiius; tiiose of Fiancei 
and particularly those of Saint Chaumont, in the Lionnois, by Ju»- 
«ieu; and those of £ngland, by Dr. Woodward, Mr.Lhwydd, and 
Dr. Dickinson. Even the Antediluvian Herbariom of the learned 
and inde&tigable Mr. Scheudmr cannot be relied oat but, on the 
contrary, by £ur the greater part of the specimens^ mentioned by 
him, appear to have very doubtful claima to the namea which they 
have obtaiDcd. Nor is this to be wondered at, when it is consi- 
dered, that these were collected from the writings of men, who, 
although of acknowledged learning, had written when this science 
was still in a considerable degree of obscurity. 

Youis, &C. 
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LETTER XLVI. 

FOSSIL STEMS OF PLANTS. ...OF THE REED, &C FOSSILIUM IN- 

COGNITUM. 

JL HE fossil stems of plants (Phytolithi CauliSy Wallerii ^ Linnaei, 
Lithocalamij nonnul.) occur very frequently. They most commonly 
belong to the family of grasses; and have been sometimes supposed 
to be analogous with some of the known species of the reed kind. 
Thus Scheuchzer figures J runc/o -Ja^iva, Casp. Bauhin. in a schist 
from the coal mines of England*. Volckman also figures the Arundo 
Saccharinaf. The Acorus has also been said, by. Scheuchzer, to be 
found in a petrified state ; and common Bamboo is mentioned, by 
Walch, as having also undergone this change. But a review of 
the fossils of this kind mentioned by Dr. Woodward, and others, 
will shew that very few indeed of this, numerous species, can now 
obtain any other denomination than. that of fomlia incognita; bo* 
tanists not having yet been able to discover any existing analogous 
plants. PI. III. Fig. 3. represents a fossil of this kind from Chep- 
stow, in Monmouthshire. This, as well as most others of this kind, 
is little more than an impression, covered with a bituminous film, 
of a very inconsiderable thickness, its internal part being entirely 
sand-stone. The explanation of this circumstance does not, how* 
ever, appear very difficult. The plant, having been surrounded by 
the soft, or fluid, materials, of which the sand-stone has been since 
formed, its internal succulent part would soon waste away, and its 
place be filled with the soft magma ; whilst the more solid and lig- 

* Herb. Diluv. Tab. LV. Fig. 1. t Silesia Subterranea, Tab. XTO. Fig. 7. 
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neous epidermis would remain, and, after a time, would give its 
correct improssion to the surrounding lapidifying matter. Then 
passing through the bituminous change, it would fill its own mould, 
with ite own altered substance, forming such a surface, as the sur- 
rounding stony matter would adhere to but slightly; and would 
therefore dispose to that separation, by which its form is displayed. 
This fossil is frequently found, where strata of sand-stone are 
found nigh to the stmta of coal, in various parts of England and 
of Wales. Mr. Martin saye he has seen single joints of this fossil 
in iron-stone; and one in particular, of a large size, measuring 
about twelve inches in circumference. Mr. Da Costa relates, that 
in the collieries at Swanwich, in Derbyshire, in 1752, a plant of 
the cane kind was found, 14 feet long: it ended in a point at one 
end, and at the root in a large knot; and in the middle measured 
nine inche« about*. He also mentions, that Dr. Woodward describes 
two specimens of this kind; one a yard long, and the other six feet 
and a half in length. Reference to Dr. Woodward's Catalogue i 
shews that Mr. Da Costa was mistaken ; the specimens, of which 
be speaks, had, instead of the smooth, or the striated surface of 
gramina^ studs, or tubcrcules, over the greatest part of its surfacef . 
But Dr. Woodward mentions another specimen, apparently of tiie 
Tced tribe, which was originally two feet long. 
. 'Hfte same circumstance is observable in these fossils, as has been 
mentioned when speaking of the vegetable remains in the iron 
navies. Vety frequently, indeed, will the bituminisating process 
have proceeded to the formation of the black bitumen, or jet, and 
canel-coal : such has been the case in the specimen already referred 
to, Plate III. Fig. 3., several particles of black bituminous matter 
being yet adherent, at the transverse sulcus or joint. 

* Philosophical Transaction^ Vol. L. Parti, p. 231. 
t Catakqgne of English Fossils, Part II. p. 104. q. 1. 
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The specimens of Dr. Woodward, referred by Mi. Da Costa to 
the reed tribe, are undoubtedly simUar fossils to that described 
PI. III. Fig. 1., and which is indeed, in many respects, a most 
surprising and interesting fossil. These fossils differ much in their 
length, from the size of that which is here depicted, to those men- 
tioned by Dr, Woodward : one of which was fire feet, and the other 
six feet and a half long*. They also differ very much in their thick* 
ness, the most common size being less than that of a maiQ^s arm ; 
but Mr. Martin obsenres, that they are sometimes met with of four 
or five times that size. The substance of these fossils is either a 
fine grit-stone, with small micaceous particles, or a atoae in wiiidi 
ao grit appears ; but such a mixture of argillaceous and siliceous 
earth as approaches to a jasper : the colour of both these kind of 
stones varying, with different shades, from the lightest, to aimbst tfae 
darkest brown. The general figure of this fossil is liiat of a long, 
irregular, and compressed cylinder; the surface of - which is pretty 
thickly beset, in quincanx order, with holes^ from the bottom of 
which rise small papilkt^ like tubercules ; but which^ being sunk in 
the hollows, hardly ever rise above the general suifkoe. Asub« 
stance witli a rough imbricated surface^ and about one sixteenth of 
the thickness of the whole fossil, is frequently found passing tbrougln 
it, through the centre of the cylinder ; but more to the compressed 
side ; and frequently a sulcus, one edge of which rises into a sharp- 
ish ridge, may be observed to run in a line parallel with it 

No conjecture, on which we can venture to rely, has yet been 
offered with this respect to this fbssiL The Arbor Lavendtde fMm, 
Dr. Woodward says, hath studs, like these, and set in the same 
quincunx order. Mr. Whitehurst thinks it most resembles the re- 
mains of an Euphorbia^ of the East Indies f. Indeed, there would 

* Catalogue of English Fossils, Parti, p. 104. q. 1. and Part II. p. 59. h, 34k 
t Inquiry into the Original State and Fonnatioii of the Earth, p. 203. 
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)c Tittle ciifficulty in memng it, either to the genus Eupliorbia^ or to 
Cactus, were it not for the difficulty of explaining the nature of tlie 
internal substance. The surfaces, both of the iuterual and of the 
external substance, are frequently covered with a bituminous mat- 
ter; the interstice being closely filled with stony matter, which 
would dispose to the suspicion of their having been distinct vege- 
table bodies, which accident has tlius united : but, on the other 
band, the fi^equency with which Uicy arc found connected, and the 
similarity of the mode in which they always appear to have been 
united, seem to point out that union to be natural, and not acci- 
dental. Dr. Woodward described this internal body, in his earlier 
Bpecimens, as a medulla or pith ; but afterwards, a more careful 
view of this body, he says, brought him to think it rather a com- 
mencement or beginning of a branch, arising out of the main trunk*. 
The data which w^e possess would almost lead to the supposition, 
that the plant, to which this fossil owes its origin, was of the suc- 
culent kind, which contained a more solid part in its succulent 
substauce^ — but conjecture seems to be Iiopeless; since the plant 
appean to have diflered so much from any thing which w*c now 
know, as to leave us without the opportunity of deriving any aid 
from analogy, and but little from comparison. The variety in the 
shape, size, and disposal of the tubercules on the surface of this 
fossil, appears to be sufficient, to warrant the supposition that the 
genera and species of this unknown family must have been vcary 
numerous. Unable to find sufficient points of correspondence be- 
tween it and any plant which is now known to exist, ^Q«inust be 
satisfied, with Dr. Woodward, whose opportunities ibr judgment, 
from the multitude of his specimens, perhaps exceeded those of 
any one else, to submit to leave it among the fossilia incognita. 
The specimen figured at PI. IX. Fig. 1., and which was obtained 

* Catalogue of English Fossils, Part II. p. 60. . 
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since the foregoing observations were committed to writing, seems 
to furnish, at least, another conjecture, respecting this extraordinary 
fossil. In this specimen, of itself highly interesting, is an oblong 
cylindrical body, which is curiously imbricated on its surface, evi- 
dently by the particular arrangement of squanut ; from which mem- 
braneous productions, exceedingly thin, forming tubuli, pass directly 
inwards, in a perpendicular direction, to another Body placed ia 
the centre of the former. The external surface of this body is also 
imbricated in a somewhat similar manner, obviously from the regu- 
lar insertions of the terminations of the membraneous productions, 
proceeding from the exterual squama. A reference to the figure 
will shew the external and internal imbricated -surface, as well as 
the membraneous productions, forming tubuli, by which both are 
connected ; manifesting this fossil to have been a Strobilus, analo- 
gous in its organization, though different in its form, from any at 
present known. 

From the perfect state of seclusion in which this body has been 
kept, by the close texture of the surrounding argillaceous iron stone; 
its bituminization has been complete, and every part has been pre- 
served, and is now to be seen in their natural * situation. But 
if, instead of having been thus closely enveloped by argillaceous 
matter, it had been surrounded by a loose arenaceous mass, and 
under circumstances less favourable to bituminization, the harder 
part only of the squamae, and the central receptaculum^ would 
obtain a prolonged duration of their original form ; whilst the con* 
necting membranous substances would waste away, and, as they 
disappeared, have the space they possessed filled up by earthy par- 
ticles. Thus at a future distant period there would be produced a 
stony substance with an imbricated surface, containing within it 
another substance with a surface imbricated in almost a simlar man- 
ner. In a word, a fossil would be formed, which, in its general 
characters, would resemble the fossil which hbs 50 particularly en- 
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igpged oat aMAentidiL . It miis1« iadeed* lie aJautts d« tliat di fiyuil 
iregetefale Sgani atELIlL Kg. 1.^ Uie mktMidad oafliiie to whii^ 
jBMfks the afaupe of tlie cpinpfete Stiobiiui, ■» Bisquirad by the aid 
4f anotber speoimen, does not aocwd* in its «iae» wUfa the Ibant w^ 
vdiich it has been attempted to demonatraie ^bat it bears somt 
ababgy. The difibvenca in siaa, however, affiMds no material diffi- 
«ttllji and the' difierence in the markings on the toifMie, points out 
oidjr.peifai^s a specific' diffeceiioe between these supposed strobuli ; 
but two other circuaistaooes domiod stitt llurther examination. 
One of these is, that the markings, tt is fie(|ueBUj the case, and 
as is the case with the ^ossU at Fl. lil. Tig. li., is fiMrmed of de* 
tached spots or impressions, without any line pointing out the figures 
iof the tfwamm; but this appean to depend on viircumstauces being 
ftvoumble, or otherwise, to the forming of the impression ; since in 
A fossil of this kind, neariy half a yard in Imgth, and about two 
inches and a half in its laigest diameter, the lines fonned by the 
-ttlges of the squanoMsare distinctly observable: so that nodiing 
fBmairn ta contiadict ita origin having been that which is here sup- 
posed, except ito eiLtmordinaiy length and narrewn^ when com- 
pared with the cones of the genus Pinus. This is the other dream- 
stance to which 1 alluded ; but this form, it is to be remarked, is 
in perfect agreement with the proportions of the supposed fossil 
strobilus at PI. IX^ Fig. I., and is to be considered as strengthening 
the opinion, Ihat many genera, as well as species, of vegetables, 
have existed, and been destroyed ; and of which we have no other 
traces than their resmains in a fossil state. 

The fossil at PI. X. Fig. 1. also serves, in my opinion, to explain 
the nature of the fossil depicted at PI. HI. Fig. 6'., and already 
spoken of in a former Letter; since, if the conjectures just offered 
be right, this fossil, which has so much puezled oryctologists, may 
with the greatest reason be supposed to be the Amentum, or Catkin, 
from which that kind of strobilus, the existence of which has been 
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just inferred, has been formed. The specimen depicted at Fl. IX^ 
Fig. 10. serves also to render more probable^ that the flattened 
specimens already . described, and figured at PL L Fig. 6. and 7* 
and PL V. Fig. 8. are the remains of plants of the succulent tribe. 
Every appearance which this specimen presents, serves to shew that 
it very nearly resembles the Cactus Cochmliftri one of those plants 
generally known by the name of Indian £ig9 ; and on which that 
curious insect, the Cochineal (Coccus Cacti) feeds and inhabits. 

Yours, &c. 



LETTER XLVII. 

RBMARKS OK* l^KATBS GONTAINSD IN XODUl.BS.o.IMP&BSSlO|r8 ' 
OF THE SAME SIPB OF THE LEAF OV BACH NO]>Ul.E....AC^ 
COUNTED FOR BT JUSSIBV^ SCHULTBt &C..BXFIiANATZON PRO«» 
POSED. 

I AM thoroughly aware of the circumstaQce to which our fri^d 
Winton alludes. He desires you to inform me, that he will never 
believe the impressions on the two halves, of the nodule he has sent 
me, are the impressions of a real leaf, until I can inform him if| bj 
involving a guinea in plaster of Paris, I could obtain two improit 
sions of the king's head^ without any impression of the reverse. 
The circumstance to which he refers has puzzled some of our most 
eminent lithologists. 

An instance of the erroneous opinions which have prevailed re- 
specting these subjects wiU be foimd la the Ttnuuiks of our coun- 
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exactly. On the leaves perishing, the crast, thus formed on the 
surface of the leaf, would sink, and, settling on the soft mud, would 
give a copy of the impression which the leaf had formed ; which 
would have the exact similar surface, with that which the leaf 
itself would have presented : the bituminous matter with which 
the leaf had been charged, from the water in which it had swam; 
having given to the mould such a surface as would prevent the 
cast from adhering to it. M, Schultss endeavoured to account for 
this circumstance in another way. He supposed : that the leaf 
had become involved in a soft earthy matter; iand that, as this 
dried, the leaf perished, and left its mould, bearing the impression 
of both its upper and under side. At some distant period, he sup- 
poses, that some bituminous matter insinuated itself, and filled the 
cavity which the leaf had left j and that, on dividing the nodule,* 
the bitumen remains adherent to one side ; and being separated 
from the other, it exhibits the form which it has derived from the 
mould on that side, whilst the mould itself is displayed on the 
counterpart of the nodule. 

You will, doubtless, agree, if the theory proposed respecting the 
bituminization of vegetable matter accord with the . phenomena 
which are yielded by the vegetable remains thus incarcerated in 
nodules, that considerable additional confirmation of that theory 
will be thereby produced ; especially if it serves to explain satisfac* 
torily those circumstances which otherwise appear so inexplicahle« , 

The polished surface, and sharpness of impression^ observable in 
schisti bearing the characteristic traces of vegetables, manifest that 
the substance thus impressed must have been in a very soft or fluid 
state, when the impressing vegetable substance was applied to it; 
The disappearance of the impressing vegetable substance implies^ 
that its resolution must have taken place, whilst excluded from the 
air by the surrounding mass; whilst every appearance seems to point 
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out| tbat the change, which it ha^ undergone, has been similar to that 
by which jet and the bituraenst in general, have been formed. 

The nature of the change which the leaf, or otiier vegetable mat* 
ter undergoes, whilst in this secluded state, is demonstrated still 
more plainly, on an examination of the impressions of plants on 
sand-stone; since bere the colour of the stone, which is generally 
of a light yellow or brown, allows the colour which the changed 
vegetable matter assumes to be distinctly seen. This is the case in 
PL IIL Fig. 3, 4, and 5. ; and PL V, Fig. 4. ; in which it may be 
plainly seen, that the marks proceed, not from impression merely, 
not in feet from vegetable matter, but from bitumen in a ^ft state* 
This is particularly obvious in the specimen represented at PL Ill- 
Fig. 5.; in which, on examining it by aid of a magnifying glassif 
the projecting particles of ilic sand-stone will be seen tinged, as if 
they had been slightly touched witli a brush dipped in light brown 
bitumen. In the other specimens, just mentioned, the appearances 
are similar, except as to the difference of colour, which is some- 
times so dark as nearly to approach, as in Fig* 3-, to black. In the 
specimen No. 4. the sand-stone is coloured brown beneath the 
surface, as if by the penetration of the fluid bitumen, which the 
loose gritty texture of the stone would doubtlessly hav^e readiljf 
admittedi'i' .. r- '-'.^ -> " ■ ' ■' 

. The koo^tone aodoley on beii^ split,. aff<Mr4f the oipat satis&cr 
tory evidence as to the nature of the change whick^ the vegetablo 
matter tifkkiigoes in these eases, since her^ bitumen will imiformly 
be found to have taken the place» which vegetal^ naatter h^/d on- 
gtndly possessed. Revertiogs : therefoi^y only to the position) that 
vegetable inatterr secluded from the air, in a moist sit«ation, will 
pass through a certain fermentative process, by which it will he 
converted to bitumen ; the key to this enigmatic phenc^ncinQn is at 
once found. The leaf, involved in the tenacious argiilaceptis mat- 



44S 

ter, necessarily forms a mould bearingMiU exact form ; and after a 
certain period, during which the surrounding mass acquires a greater 
, degree of hardness, and a nodular form, the vegetable matter 
changes into bitumen, which fills the mouldy and assumes exactly 
the same form which the leaf originally bore. If, therefore, the 
nodule be now split, one of these two circumstances will occur — 
either the bitumen will, by the breaking of the nodule, be separated 
and lost, leaving the impressions on both sides of the leaf perfect : 
or it will separate from one side only« and adhere to the other; 
when the side from which it has separated will yield the impression 
of the leaf, and the bituminoas matter itself, possessing the place 
of the leaf, will present a surface analogous to that of the leaf from 
which the impression was originally derived. The separated flake 
of bitumen, mentioned in the first case, has in some instances been 
preserved ; the description which has been given of it, it being said 
to resemble a piece of leather or parchment, agreeing much better 
with its possessing a bituminous nature, than its being a lucre dried 
leaf. 

In objection to the proposed explanation of the change, which 
the vegetable matter undergoes in these nodules, it will occur to 
many, that the bitumi nidation being performed, under circumstances 
so favourable to it, there is reason to expect, that the process would 
pass on to its completion, and that sometimes jet, and the darker 
bitumens, might be thus formed. It is therefore necessary to state, 
that this does sometimes happen. Fig. 8. in PL I. fumbhes an in- 
stance of this circumstance. It appears to be the remains of a 
tuberculated branch of some tree of the pine kind, which has been 
involved in a nodule of iron*stone, the projecting parts of which 
are covered with a jet-like bitumen. 

The fossil leaf has been said, in many instances, to have been 
detached from the surface to which it adheres. This is said to have 
been done by Lhwydd, Buttner, Henkel, Jussieu, and others ; but 
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that it was a bituminous^ a«|| not a vegetable substance, which was 
thus found, is evident from, their relations. Volckman, who also 
thus detached them, states, that he found tJiat the earth j particles 
of the leaves had been deprived of their aqueous and .volatile parts; 
and that^ in the place of these, a bituminous matter had. insinuated 
itself*. Walch also remarks, that these leaves should rather be said 
to be mineralized, than, petrified ; since ^e deficiency arising from 
the escape of the aqueous and volatile parts is, in his opinion, sup- 
plied by the addition of bitumen, which- he considers as a subject 
of the mineral kingdom. 

In the specimen depicted Pi. IV. Fig. 5. a circmmtance is ob- 
servable, which is, in this place, highly deserving of. observationj 
Lhwydd and others remark, that sometimes, though larelyf^: the le«f 
will be found so well preserved, that even the cekiur may.bedis* 
cemed : and in this specimen the marks of the leaves are evidently 
of a very dark olive green. But an accurate inspection with a lens 
demonstrates that the same circumstance has occurred* bere^ .which 
is frequently met with in the bituminization of wood — the bitiuniT 
nous matter . retains the colour, of the vegetable * substance, firom 
which it derived its origin — ^that which appears to be the leaf be- 
ing evidently a thin shining bituminous film. 

Yours, &c. 



^ Silesia Subtcrranea, p. 105. 
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LETTER XLVIII. 

FOSSIL FLOWERS....THEIB EXISTENCE DOUBTFUL....FOSSIL SEEDS 
AND SEED VESSELS....FOSSIL FEUITS. 

WheN' the extreme delicacy of structure is considered, which 
belongs to the flowers of plants, little expectation can be enter-^ 
tained of often finding these in a petrified state. The tender and 
almost succulent substance of the petals, stamina, and pistilla, 
wilL furnish very little reason for supposing, that they should .resist 
a destructive resolution, sufiSiciently long to allow them to pass 
through those chemical changes, by which such a length of dura- 
tion would be given to their original forms, as would secure their 
passing unchanged, in their figure, from the vegetable to the mi- 
neral kingdom. . . p - 

This consideration necesisarily leads us to doubt, if any reliance 
can be placed on the accounts which have been giyen, by* different 
authors, respecting the existence of. fossil flowers. Indeed, the ear- 
lier writers on this science too £nequently admitted resemblances, 
when the connection between the supposed model and archetype 
were too equivocal to authorize them. : Thus Mylius imagined that 
he traced the flower of the. mouse-ear on atflinV andthe lose.of 
Jericho, on a schist :fn)mMane»bli:€h;.botfa,of which MnlYdkh be- 
lieves were, in reality^ merely impressiolns.ef .trodiites. Notihaving 
myself seen any fossil whicbcauwith .cert&inty be' said to have bad 
such an origin; nor having seeniany representatioi^ or'desctiption^ 
which would fully authorize the admission of -' their existence ; and 
not .conceiving that the suppi3sed fossil; floAvers df plimts,; of tlie 
verticillated order, would be captablcvof beii^jdistingUKfaedih that 
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'state, I hare notrentured to introduce the delineation of a fossil 
flower (AnthaUthm); nor does it seem necessary to dwell longer 
on the consideration of substances^ whoSe existence is merely con- 
jecturaK 

In the fifth volume of the Transactions of the American Philoso- 
phical Society^ is a curious account^ in a letter from Colonel Bull, 
of a vegetable found under ground* I take the pleasure. Col. Bull 
says, of giving you an account of a singular blossom, which I dis- 
covered last May, in digging of a mill-race, on Opeck on Creek, 
through a rich bottom of low ground, covered, in general, with 
well-grown large timber of various kind^, particularly oak, poplar, 
and walnut; several of which trees are from three to four ieet 
through, standing on the ground through which the race was dug. 
The curiosity is this, that between five and six feet under gtomid, 
chiefly a looniy, solid clay, one of the diggers discovered a blossom, 
not in full bloom, nearly of fke colour of ike /i7ac, which struck his 
attention* He called me to sec it, not knowing what it could be. 
Upon viewing it, I recollected the form, and told the diggers it was 
the same kind of blue flower, which had grown upon the surface of 
the ground adjacent, and was then faded* In order to prove it, I 
desired^one of jlie,atiieii to dig up tiie mot of the one, under grodnd, 
and the mn a]|>oniliirsuFliwe^^^:v^ to 

b^ptibB.vAtji ^Uiie JLibd« The b6dy of the.eaitlkv »hae Hit fkud 
^faafoimdy miisthaire faeeH formed^ pciiai|>%fioikib:centun€99ily lea- 
Itow'oi lU^ iuncotnnboB me mf iha tia^T mhi^^ 

^ Our i^uirira ItMfiscrtittgLt^ 9(?eds«nd tared^inesiels 

6f difierent iBgetadblei;y:i%KrmcilpfibV J^^ SimiieriUg^ri'^i^ 

hoped to be xatlier more succesisftd;! amce tbesado sometka^ pos- 
Bern such, a degree o£ solidity , that wh^ they are (daced ia situations 
whidi prohibit their, mgetation, will idlow of their ;i|i]ratioB^ until 
their bitoduBow clmogB^^ 



This necessary degree of hardness will chiefly be found in those 
fruits or seeds, the external parts of which have a tough ligamentous 
covering, like that of the chesnut; a hard scaly covering as in the 
cone of the pine-tree, where the pericarp, formed from an amentum, 
consists of hard scales laying over each other ; a tough farinaceous 
substance which becomes dry and hard, as in the coffee-berry ; aa 
osseous or bony covering, as in the hazel-nut ; or a still harder in- 
vestiture, as the stone of pulpy, or fleshy fruits (drupa)^ 

Bajer describes several stones, bearing a near resemblance to 
fruits ; such as olive, almond, plumb, and dberry stones, apples, 
pears*, &c. But that these are accidentally figured stones, not 
deriving their forms from the fruits they resemble, is most probable, 
from the manner in which they are spoken of, he considering them 
himself rather as lusus natures. Among these, is one said to appear 
like a pod of capsicum ; whilst another is said exactly to resemble 
a musk-pear, a fragment of a shell completely supplying the place 
of a stalk. 

Scheuchzer describes a petrified nutmeg, as being a white flint 
of a compressed cylindrical form, marked with striae passing from 
one end to the other, and bearing a strong resemblance to the nut-i 
megf. The figure, however, certainly more resembles that of a 
coralloid than of a nutmeg. He also figures, in Fig. 89* of the 
sune work, a pyritous fossil firuit of a very curious structure, which 
is sulcated from the apex to the base, and marked with small prot 
jecting points along its lower edge, so as to give it somewhat of the 
appearance of a coronet. . . . . 

Helwing mentions a petrified walnut, in such a manner, as to |ead 
to the supposition that its resemblance to the fruit itself must have 
been very close. The petrifaction of an almond, mentioned by thi9 
author, does not seem to have approached the fruit very near in 
similitude. He also describes a black stope a» being yery like to a 

* OryctographiaNbrica,'p. 45. *' ' ' ' ;•!.. 

t Litbograpbia Helretia, p. 42* Fig. 57. 
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Itmall smoolli beaft*. But wbcn it is considered, that at tlits period 
; tlie notions eutcrtained respecting the petrifaction of vegetable sub- 
stances were so incorrect, that the petrified spines of tiic echinus, 
or sea-urchin, wa'^ referred to the vegetable kingdura; and that 
the accidental forms of pyrites, as well as of argillaceous, and ^ili- 
ceous pebbles, must often approach to the globuhir, or oval form 
of fruits, these accounts should be received with some degree of 
liesitation. With a similar degree of Hcepticisra should several of 
tlie petrified fruits be regarded which have been described by 
Mylfus, Volckman, and others: tlic necessity of which caution 
must be evident, when it is considered, that Scheuchger has col- 
lected, in his Ilerbariuui Diluvianum, and Appendix, many sup* 
posed fossil fruits which certainly have no right to be so consi- 
dered, 

la tlic museum of the late John Hunter, Esq. now in the pos- 
session of the Royal College of Surgeons, is a substance whicli has 
been considered as a fossil walnut ; appearing to have been formed 
from the internal part of the nut only. It bears an exact rcsem* 
blancc, in form and colour, to its supposed prototype, except be- 
ing of a whiter colour, than the inner part of a walnut ivonld be 
after a few months keeping. From this circumstance chiefly I am 
led to suspect this rather to be a specimen of human ingenuity, 
than of a vegetable substance, changed in its nature^ by aanatural: 
process* : , . 

In the Philosophical Transactionsf , several of the fossil fruits are 
figured and described, which have been discovered in the Isle o£ 
Shepey, and which were sent to James Parsons^ M.D. by Mr. Jacob, 
who published, at the end of his Plantie Favershamemisj an account 
of tlie fossils he had coUected there in the course of tlvirty years. 
Among these appear to have been, a small plumb*stenet a cherry- 
stone, a berry of the JSapindus, or. soap-tree of America; the ex- 
ternal husk of the fruit of the Sapindus; a young sand-box, or 

"i^UthograpbiaAngerburgicayf. 37. f^JPiiibKopl^TriuisactioDS, Vol.L. Parti, p. 396. 
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fruit of the Hura ; coffee-berries ; an acorii, without its cup : be- 
sides these he describes others, of the original nature of which he 
seems to be less confident : among these are two species of beans ; 
a compressed pod, resembling the Arachidna, or under*ground pea ; 
a seed resembling the seed of some large gourd ; some exotic fruit, 
like a small melon; a stone resembling that of an East-India mango; 
a fruit somewhat resembling that of the Euonymus latifolius of 
Cluviu9 ; a small bean, resembling a horse-bean ; a species of ches- 
nut, like the horse-chesnut of America; a fruit resembling a small 
Palma Coco ; another, seeming to be a species of foreign walnut ; 
and others, which seemed to resemble Myrobolans and Phaseoli. 

From the state in which these are found, and from want of 
their accordance, in every respect, with the seeds or fruits which 
they are said to resemble. Dr. Parsons, very property, does not too 
strenuously insist on their having been those identical seeds^ or 
fruits, to which their appearances approximate. Indeed he candidly 
acknowledges the difficulty of deciding with respect to them: and 
particularly mentions two specimens, which he thought were figs, 
petrified when hard and green ; being then, he thought, capable of 
being impregnated with pyritical particles, which might prevent 
their perishing. These, however, he afterwards found were fossils 
rather deserving to be classed with the Fungoides : among which he 
also places another fossil which he, at first, was inclined to consider 
as a fossil fruit. 

To shew what caution is necessary, in admitting as real petrifac- 
tions of fruits, many of those substances which have been so de- 
scribed by the earlier oryctologists, I can assure you that I could* 
have laid before you the figures of apples, pears, plumbs, &c. 
which would pass with many unquestioned; but which undoubtedly 
owe their forms to mere accident. In particular, I could call your 
attention to a siliceous stone, which not only bears the exact form 
of a pear; but which has a regularly-formed depression, at the 

3 M 
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smaller end, resembling that which wocild have been left on the 
coming out of the stalk ; the stone, at this part, on being examined 
with a glass, appearing evidently tinged with green : but that it has 
not owed its origin to the fruit which it &o much resembles, is, how- 
ever, obvious, from its having no correspondent depression at the 
opposite end. I might adduce other bodies, bearing a very similar 
appearance, at least in their forms, witlv oranges, apples, figs^ Sec 
which have originally been of marine growth ; having been ftmgi, 
sponges, and similar productions. Among these may be also placed 
a siliceous fossil body, resembling, on its external surface, an enor- 
mously large nutmeg ; but having been cut and polished, several 
lines are slievvn, passing liJ^e radii Irom the centre to tlie circum* 
ference, yielding a very uncommon and beautiful appearance. 
There appears to be very little doubt of its being the same kind of 
body as is depicted by Scheuchsser, as a petrified nutmeg*. 

As an additional proof of the propriety of receiving the earlier 
accounts of the petrifaction of the seeds of plants, and particularly 
of grain, with considerabla caution, I must refer you to the fossil 
represented PL III, Fig. 6. A small specimen of this fossil is ac- 
curately depicted by Swedenborg, and described as resembling a 
species of Indian com ; ^^ Speciem prasbet spicas tritici Indici (mais) 
dicti, nisi forma esset plana -j-/' 

Thus Scheucbzer also figures a fossil which he not only describes 
as an ear of com, but reasons from its figure and fulness; and 
thence derives arguments in favour of his opinion that the deluge 
took place in the month of Mayif. But Mr. Walch remarks, with 
much propriety, that the body figured by Scheuoluser has much 
more the appearance of a zoophyte, the rays of which are divided 
by transverse lines, marking their separation into distinct vertebrae. 

* Herbar. Diluv. Tab. XIII. Fig. 2. 

t Emanuel Swedenborgii Miscellanea ob«ervaU circa Res naturales, kt. pag. 15. 

X Herb. Diluv, PL I. Fig, 1. p.7- 
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Of the spica secalina & graminis panici, mentioned by Dr. Richard- 
son*, we can form no just opinion, as we receive no aid from either 
description, or figure; and with respect to the ear of barley, a figure 
of which was given by Mylius-j-, which was repeated by Scheuchzerif,. 
it obviously does not bear the proportions, or the form, of an ear of 
that kind of grain. 

The bodies, whose appearances most warrant the opinion of their 
having been the ears of com, are the Stangengraupen of the Germans. 
These are flat, oblong, blackish,^ and sometimes greenish bodies ; 
but becoming white, and acquiring a metallic lustre, on their pro- 
minent parts, by friction. They have been supposed by many to 
be mineral substances, to which mere accident has given their pre- 
sent forms; but that they are really vegetable substances, which 
have acquired an impregnation with metallic particles, there cannot 
exist a doubt. These bodies vary very considerably in their form ; 
but are generally flattened, and are studded with little round pro- 
minences^ bearing very much the appearance of com, which has 
been transmuted into silver. They are but very rarely found, and 
are said to have been only discovered in the copper mines at Frank- 
©nburg, in Hesse. M. Lihman,.who has vnritten a tract expressly 
on these, substances, does not consider them as changed vegetable 
substances ; but as being originally of mineral origin. Having sub- 
jected them to a chemical analysis, he discovered that they con- 
tained a small quantity of silver, with a large portion of copper, 
combined with arsenic, sulphur, and iron. Wolfart has delineated 
Uiese substances with great exactness, and describes them as Spiccd 
frutnenti metallares, acknowledging himself not to be able to deter- 
mine the particular species of grain from which they had 'origi- 
nated ||. By a reference to PI. IX. Fig. 6. and 7- you will perceive 

♦ Ichnograph. Lithophyl. Brit. p. 108. t Saxon. Subter. Memorab. p. 1$. 

t Herb. Diluv. Tab. V. Fig. 4. || Histor. Nat. Hass. Infer, p. 35. Tab. V. Fig. 5. and 6. 
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a representation of two of these bodies, which I have purposely 
selected as throwing some additional light on this subject. The 
specimen represented at Fig. 6. bears the appearance very much of 
having been some species of grain in ear, or perhaps of some small 
cone or strobilus ; but their original mode of existence is best ascer- 
tained from the appearance which is yielded by the specimen figured 
at Fig. 7. where is evidently exhibited the stalk and husks from 
which the grain or seeds have fallen. The width which this speci- 
men possesses, making every allowance for compression, will un- 
doubtedly strike you as much greater than that of any known 
vegetable, the grains of which are of no larger size than those which 
are represented at Fig. 6. These seeds, it may be also remarked, 
differ essentially in their disposition from that which takes place in 
the spikes of the grass tribe, having much more the appearance of 
that of the seeds in the strobili of coniferous plants, which seeds 
they also appear to resemble in shape. I am, therefore, of opinion, 
that we must be satisfied with' considering these as fossils, whose 
origin must be referred to some hitherto unknown subject of the 
vegetable kingdom. 

M. Jussieu discovered on a stone, which he found at St.Chaumont 
en Lionnois, in the earth, near to the coal, an impression, which, 
he thought, upon close inspection, and comparison with some seeds 
he had received from Pondicherry, bore an exact resemblance to 
the fruit and seed of the Arbor tristis, of travellers, or the Mania 
Pumeram of the Hortus Malabaricus, p. 35. mentioned also by 
Mr. Ray, in his History of Plants, p. 1698. This tree, it appears, 
grows only in the Canaries, at Malabar, on the coast of Corom*an- 
del, and some other parts of the East Indies*. 

It is a circumstance very difficult of explanation, that siliceous 
petrifactions of the roots of plants, or of trees (Fhitolithi Radicum, 

* Memoire de TAcademie Royale, 1723, p. 69. 
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Rhizolithi) occur more unfrequently than those of any other ^arts 
of vegetables which possess a woody hardness. Petrified roots 
are indeed mentioned by some authors ; but are spoken of under 
circumstances which imply their rarity. Thus Scheuchzer has 
No. 80. Arundinis vallatoruB radix*. Luid. p. 180. ; but a reference 
to the work of Lhwydd is fruitless, since its number of pages is 
less than the number referred to ; nor do I discover the descrip- 
tion of such a specimen. Langius presents us with a figure of a 
Rhizolithus, of which he thus speaks : ^^ ntblutei est colariSj ^ ra- 
dicem pastinaccB tenuifpUcs sativtz radice lutea. Casp. Bauhin. Pin. 
prasefertj allatus est i Toggiof/' But that the substance he thus de- 
scribes was merely a figured stone, which had by some accidental 
occurrence assumed the form of a piece of carrot, is most probable : 
for no fact in the history of these substances is more true than the 
position laid down by Waflerius, when speaking of the requisites 
to be possessed by substances to render them capable of becoming 
the subjects of petrifaction. " Ea,'' he says, " sit indole & duritia 
ut non facile putrefactionem, vel aliam destructionem, subire pos- 
sit, sed diutius in locis subterraneis incorruptibile conservari."' 
^innaeus also says^, ^^ Corpora petrificanda sint solida: testae, ossa, 
ligna. Succulenta deliquescunt & corrumputitur antequam indu- 
rescapt lapidosa.'' But even a modem author, justly celebrated 
for his knowledge in chemistry and natural philosophy, speaks of 
ft petrified potatoe, a rhizolithus as inadmissible as that of Lang. 
Argenville, Hellwing, and others, have also described Rhizolithi ; 
and the last-mentioned author, not only speaks of them, in even 
an agatine state, but distinguishes them into the roots of dif- 
ferent trees. It must, however, be obvious, that the difference be- 
tween the roots of diflPerent trees can hardly ever be such as to 
allow of its being ascertained, to what kind of tree a petrified* frag^ 

* Appendix Herbarii Diluviani, p. 70. t Historia Lapidum Figurat. Helvetias, p. 54. 
X Systema Naturae, torn. iii. p. 1S4. 
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ment niaj hnve originallj belonged. Thus the specimen repre- 
sented at Pi. II. Fig. 2. iodabitably deserves to be considered as 
a true llhigolithus ; since although it now possesses the hardness, 
and bears the polish of agate, its external form, as well as it5 struc- 
ture^ sufficiently testifies it to have been originally the root of a tree; 
but of what tree, certainly, no judgment can be formed. From the 
manner in which these bodies are spoken of, by the older ^Titers 
on these subjects, it appears to be evident, that tliey have fre- 
quently referred to this head merely some of those tufaceous in* 
crusiations, which foim round pieces of twigs and branches of wood; 
and which, from their Sometimes also resembling the fragment of a 
bone^ were generally known by the name of Osteocolftr. Gesner, ia 
his excellent Dissertation on Petrifactions, is obviously of this opi- 
nion : he says, speaking of Rhizolithi, '* Hue pertinent petrificata 
ramosa calcaria, arenacea, argillacea coiTuptarum in terra radicum 
sedem occupantia, OsteocoUae & Stelechitae dicta*." Indeed, so 
much confusion has existed with respect to this substance, that 
many have confounded it with the stalactite^ although the great 
and venerable Aldrovandus had, at tliat early period, fully marked 
the difference. The term RhizoUthus has also been applied, by some, 
to substances which have obtained their form, from the remaining 
earthy particles of roots, and which, being blended with other earth, 
in the mould of the decayed root, have preserved somewhat of their 
original form; but, the vegetable structure being entirely destroyed, 
they can only deserve to be considered as the vegetabilia terr^icata 
of Wallerius. 

I have hitherto supposed that bituminization was a process, to 
which all vegetable matter was subjected, under certain circum* 
stances ; and that by this operation it became liable to the influence 
of another process, that of petrifaction. But the absence, in ge« 

* Joannis Gesneri Tractatus Physicus de Petrificatia, p. 21. 
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Heral, of roots, from the collections of petrifactions, points out such 
a deviation from this assumed law of nature as seems particularly 
to demand investigation; by which we may, perhaps, be enabled to 
determine, whether this supposed law has been admitted upon false 
grounds ; or whether it results from that arrangement in the ever 
admirable ceconomy of nature, by which her multifarious opera- 
tions are carried on, without any injurious interference with each 
other. That the latter is the case will, I trust, appear, from a slight 
attention to the following observations. 

No circumstance has ever been remarked which will authorize 
the supposition, that vegetable matter can be liable to the bitumi- 
nous change, until deprived of all the energies of vegetable life. 
But roots, as is well known, long retain their vegetative powers 
after entire separation from their trunk. The trunk, indeed, soon 
ceases to live ; but the root will be found, after a long period, to be 
alive : feeding on its own juices, and at last terminating this mode 
of existence, by changing into a soft pithy substance, which soon 
resolves into vegetable earth (Vegetabilia terrificatay Waller). Hence 
it appears, that, after separation from the bodies which they sup- 
ported, the roots of trees continue to possess those powers, which 
most strongly oppose the bituminous change ; and when deprived 
of these powers, they have su£fered such an exhaustion of their 
principles, that their resolution into almost mere earth speedily 
follows. 

I It is observed by Liebknecht, when speaking of the ferruginous 
tree found in Laubac, that, although the greatest care and industry 
was employed, only very few pieces were found which had the ap-^ 
pearance of roots ; and even these, he acknowledges, bore very few, 
if :any, decided marks of having originally existed in that state*. ^ 

^ Di8cursiu> de Diluvio maximo, &c« a Jo. Georgio Liebknecht, cap. iH. sect. 22. p. 285. 
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been the stone of some drupaceous fruit, and which was so com* 
pletely pyritous, that, on being cut, the polished section, repre- 
sented Fig. 7.9 shone with the most brilliant golden lustre; the 
traces of its texture not being discoverable without the aid of a 
lens of considerable power. Of the remaining specimens, I regret 
that, although favoured by the assistance of the distinguished 
botanist already mentioned, and by several other gentlemen emi^ 
nent for their knowledge of the vegetable system, I am unable to 
supply you with much information respecting the plants to which 
they have belonged. Fig. !3. appears to have been the seed of some 
plant of the leguminous kind ; the skin of which is in part removed, 
shewing the fine pyritous clay with whieh it has been filled. Fig. 3* 
appears to have been a seed of the same kind ; the skin remaining 
whole, but having wrinkled up to adapt itself to the inclosed mat* 
ter. Fig. 4. and 9* resemble the seeds of a phoenix ; or rather of 
two different species of that genus. Fig. 9« is very like to the stone 
of a common date. Fig. 10. and 12., but particularly the latter, 
approach very much in appearance to the common pea. Fig. 13. 
14. and 18. are quite different from any thing at present known: 
a portion of stalk seems to remain attached to each of them. Fig. 6. 
21. and 25. appear to have been fruits covered with ^ coriaceous 
covering, similar to the chesnut. Fig. 24. and 26. are fruits which 
seem to have possessed a similar substance, with that of the nut- 
meg ; but differing very much from that fruit, in their external ap* 
pearance. Fig. 20. and 22. represent the front and back view of a 
substance which bears no resemblance to the parts of any known 
vegetable, at least in a natural state. Dr. Smith is, however, of 
opinion, that its appearance is very much like that of the cup of 
an oak, in an enlarged state, from the attacks of insects : he hav- 
ing gathered just such at Rome, in the spring of the year. 

The nut which is represented at PI. VII. Fig. I, 2. is also from 
the Island of Shepey. The exact appearance of the kernel is pre- 
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served in the cast formed within the shelly which is depicted at 
Fig. 3- It is totally iinUke to any thing at present known ; but 
perhaps may be referred to the genus Cocos* This fossil was ori- 
ginuHy in the possession of Sir Joseph Banks, by whom it was pre- 
sented to the British Museum, 

Fig, 4. and 5. represent part of a nut, which somewhat resem- 
bles the former; although the kernels vary considerably in their 
shape. This fossil was added to the collection in the British Mu- 
seum, by Mr, Douglas, by whom it is figured and described ^io his 
ingenious Essay on the Antiquity of the Earth, " ^i ^ ' t 4 f 

Fig. 6, 7i 8* of the same Plate represents a fossil found in Lei- 
cestershire. It is of a triangular form ; three raised lines, passing 
through its length j at equal distances, on the general rounded sur- 
face, give it an appearance rather difficult to imitate. Similar fos* 
sils are found in Derbyshire, and have been tigured and described 
by Mr. Martin, in his history of the fossils of that county. Like 
the fossils already described, these must also be placed among 
those productions of a foimer world, which are unknown to us; 
and which lead to the supposition, that a considerable diflerence 
must have existed between the subjects of the vegetable kingdom of 
that period and the present. The fossil depicted at Pi. IX. Fig. 2. 
is of a very dark iron-stone, of a scoriaceous appearance ; bearing 
very nearly the form of a lemon : but which, however, I rather con- 
jecture to have been the stone of some very large drupaceous fruit. 

Although, from the ambiguous nature of the subjects which have 
engaged our attention, we have frequently been obliged to rest 
satisfied with conjectural remarks ; as yet we have been able, with- 
out diflSculty, to draw a line of distinction between the subjects of 
the animal and of the vegetable kingdom. We now come to the 
consideration of certain bodies of antediluvian origin, so equivocal 
in their appearance as to render it exceedingly doubtful in which 
of the two grand divisions of organised matter they should be placed. 
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So totally different are these bodies fcom any which are known to 
exist in the present world, that the mind not only hesitates at 
determining whether they be of animal, or vegetable nature ; but, 
misled by the various fantastic forms which they assume, is disposed 
to consider these several species, of perhaps the same genus, as 
bodies differing so widely from each other as sponges, figs, fun- 
guses, nutmegs, and corals. It was by a substance of this kind 
that, as we have already seen. Dr. Parsons's judgment was so per- 
plexed ; he at first considering that to be a petrified fig, which he 
afterwards concluded to be a substance of the fungus kind. The 
representation at PL IX. Fig. 3, 4. is of a small specimen, being 
one of those species of this kind of substance, which bears a resem- 
blance to a small compressed fig. The upper part. Fig. 3., has a 
gentle rising, as if the stalk had been attached at that part ; and 
on the under surface. Fig. 4., is a similar depression with that which 
is borne by the corresponding pa^t of a fig. Having been able to 
mark these substances under many of the various shapes they as- 
sume, 1 have no doubt of their being of marine origin, and the 
residence, and perhaps the workmanship, of animals; they would 
not, therefore, have been mentioned in this part of our inquiry, 
but for the sake of shewing you that we have now arrived at the 
examination of substances which, though apparently of a vegetable, 
are really of an animal nature ; and that we have therefore reached 
the line at which our present labours should cease. 



Having now furnished you with what information is in my 
power respecting real petrifactions of vegetable substances; it be- 
comes necessary to say a few words respecting those stones which, 
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fiiotti their accidentally possessing the forme of cfertain parts of we- 
getables, hare be^n hy many supposed to have actually derived 
their figures from the substances which they so much resemble* 
These stones, the Pkifioglyphi of Wallerius, being a species of the 
JPetrijficata Jicta of Linn^us, Litkoglypki of Wallerius, and Lapides 
figmati of others, have^ from their great similitude to diffemnt parts 
of vegetables, occasioned numerous mistakes in the writings, es- 
{jecially, of the earlier oryctologists. From circumstances which 
E^ett the formation of stones, they are more likely to be disposed 
to assume the oval or globular forms of seeds and fruits than of 
any other parts of vegetables. To such^ therefore, our present 
consideraliott will be chiefly directed. 

Among those figured stones which have obtained the greatest 
Cefebrsty, from their re^mblance to fruits, are the melons of Mount 
CarmeL Mehpeponites^ Aldi'ovaiidi, These are crystalline geotlea^ 
Which tiot unfrequently bear the forms of melons and other fruits: 
the rounded, granular-formed crystals having been supposed to re- 
semble the seed, and credulity having sometimes gone so far as to 
fancy, that the smell of the fruit was yet discoverable in its supposed 
petrified remains- One of these petrified melons of Mount Carrael, 
of a ^mall size, and openfed, is tepiresented ift Pkrte IX, Fig, 5. 
The biat^oted friars of Mount Carmel have dhiedy^ ^contributed 
\.o the latere whicib these Butetanees have acquired, they having, by 
the aid of an old le^darf *ale, been able to rewdei- them^^ lirticle 
of profit to themselves, and of great curiosity with travellers, who 
have resorted to Palestine. On this mount there is a particular 
spot, which is termecltheJTcTS »f I0*cfow5, where these bodies used 
frequently to be found; but which of late appears to have been 
exhausted, by the trafiBic of preceding years. The legend says, " On 
ftfis Spot wsts a garden-ground, Well Btodked with melons; and that 
lih'e {hroplsetEKa'ij, thte founder bf the monastery, once asking the gai^ 
^Ae^rYor t>tte of liiis melons, he, tritli churlish Immoui:, onsir^ped, that 
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Ihey were not meloiis, but stones ; on which they were immediatefy 
changed to stones, and have so remained to the present day/' But, 
according to the industrious friars of the order of Elias, the punish- 
ment of the gardener's pertness did not rest here; since they fur- 
nish travellers with other fruits, which, happening to be in the same 
garden, shared the same fate : thus we have the Pomtim crtfstalUnum^ 
Sic. For the mode in which this extraordinary miracle was per* 
formed I must refer you to a former Letter*, not thinking it neces- 
sary to pause any longer here, in removing any doubts which seep* 
ticistn may have suggested. 

Similar tales have been invented, for the purpose of accountdiig 
for other stones which have bome the similitude of vetches, of 
peas, &c. Thus tfie Virgin is sa^d, in passing from Bethlehem to 
Jerusalem, to hare beheld some peasants who were sowing peas, 
and begged they would present her with some, which they refused, 
saying they were merely stones : — ^Then such, she replied, shall you 
reap ; and since then, it is ^aid, nothing will grow there except 
these stones, which possess the form of peas. For the better un- 
derstanding of this miractAous transmutation I must again refer 
you to a former Letterf ; and when I inform you that these petri- 
fied peas are formed of a calcareous stone, of a yellowish white 
hue, and firecjuently irregular in their forms, you will with very little 
hesitation believe that their origin is similar to that of the Confetto 
di Tivoli which are there described, I need hardly remind you that 
immense quantities -of stone exist in -different parts, ibrmed of 
similar round bodies, which are termed PisaUfhiy originating in 
stalactitic concretion. When these concretions assume a smaller 
form, they have been termed Mecanites, or CenckriteSj according 
as they most resemble the seeds of the poppy or of the millet. 
When the mass has resembled a collection of the grains of wheat, 

* Letter XXXn. t Letter XXXDL 
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&c. it has been termed Lapis f rumen farim^ and it has beea consi- 
dered as the petrifaction of such grain. 

But one of the most curious of the suppositious petrifiactions of 
^•egetable matter is petrified bread (lapides paniformes — panes pe* 
irifacti, mu dftmonis. Tenfel Brod.). Brucknian gives a very par* 
ticidar account of difTcrent petrifactions which had been supposed 
to have been of this kind. 

In the church of St. Peter, of Leyden, a stone is preserved, the 
history of which is, that — in tlie year 1316, a poor woman, deserted 
by fortunei and ahnost perishing, with her numerous children, for 
want, humbly petitioned her rich sister for bread. She, however, 
refused to supply lier, and sw^ore, in the most solemn manner, that 
she had no bread in the house; which tlic other doubting, she 
added, if there were, might God turn it into stone! and directly^ 
lo lier astonishment and horror, the bread became stone. An au- 
thor, of the name of Hartnoch, also relates as wonderful a story* 
A poor woman, oppressed by misery and want, was passing along, 
with one child in her arms, and another follow iug at her heels, all 
nearly perishing with hunger, it being in the time of famine. Thej 
met a brother of the holy order of St* James. She implored him, 
for the mercy of God, to spare her a morsel of bread for herself and 
almost famished children : the hard-hearted wretch most solemnly 
assured her that he had no bread ; but the woman directly replied, 
that she saw he had a loaf in his bosom. This the holy brother 
denied, saying that it was a stone which he thus carried, to defend 
himself from the dogs. Soon after this he put the loaf to his mouth, 
with intefation to eat of it, when he found that it was no longer a 
loaf, but a complete stone. Struck with horror, he repaired to the 
monastery, confessed every particular of his crime, and the won- 
derful judgment : in commemoration of which, our author says, 
the petrified loaf was hung up in the chapel of the monastery. We 
also learn, that at Schemnitz, in Hungary, a woman^ despising the 
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sacred institutions, was making bread on the feast of St. Anne, 
when she found that all her loaves were become stones, whilst in the 
oven. The learned Bruckman mentions other instances of these 
miraculous conversions, and particularizes several places where spe- 
cimens of stones bearing the appearance of petrified bread may be 
seen ; concluding with the following appropriate ejaculation, 

Da* nobis panem, Domine ! in diebus npstris ; non durum &c la- 
pideum, sed frugalem ac sufficientem. 

I should not have thus introduced, in our examination of the 
petrification of vegetable matter, the mention of petrified loaves, 
but for the sake of observing, that, of all the sports of nature, in 
the formation of stones, these are among the most delusive, and 
unaccountable ; judging from a specimen in my possession, which 
I understand was purchased by the late Mr. Strange, from Germany, 
at a considerable expence. Its form is that of a long square, being 
similar to what are generally called Dutch loaves. Its upper sur- 
face is. rounded, and of a dark brown, exactly agreeing in shape 
and colour to the upper crust of such a loaf; whilst its opposite 
surface is flattened, and of a paler brown ; bearing as perfect an 
agreement with the under crust : both the one and the other pos- 
sessing the smooth surface of the crust of a loaf. The intemiediate 
substance, answerable to the crumb, possesses, in an extraordinary 
manner, the rough spongy appearance of the crumb of bread, be- 
ing even separated by such clefts as might be supposed to have 
taken place in bread which had been dried by long keeping. The 
substance of the stone appears to the naked eye like a coarse jas- 
per ; but on a close examination, with the aid of a glass, the inter- 
nal substance is discovered to be formed of very small white sili- 
ceous stones, agglutinated by a siliceous medium; and the external 
part of brown siliceous stones, connected in a similar manner : the 
substance of our seeming petrified loaf turning out to be actually a 
plum-pudding stone; formed in some cavity, most probably left by 
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either as timber, or as soil fitted to aid the growth of other vege- 
tables, should undergo certain other changes, by which they will be 
rendered peculiarly fitted for supporting combustion; in the various 
modes necessary for promoting the comforts of mankind, and con- 
ducting the numerous arts of civilized life. 

In this new mode of existence we saw reason for supposing that 
the. combination which took place was such as to resist the decom- 
posing powers of almost every agent, except that of fire : manifesting 
the completion of the process, and <Jvincing proofs of the most wise 
and providential an^angement. For thus. we perceive that a state of 
permanency is yielded to the substance thus formed ; which sub- 
stance appears to be intended for the use of man for a period of 
time, not only beyond our knowledge, but even beyond the reach 
of conjecture. On the degree of perfection to which this process 
attained, and on the introduction of various earthy, ttnd other 
matters, appeared to depend the formation of the different kindfi 
of bituminous substances, and particularly the different varieties 
of coal. 

There also appeared great reason for supposing that, in some 
situations, and under certain circumstances, this process was ar- 
rested, in small detached masses, by their being subjected to parti- 
cular saline, earthy, or metallic impregnations. In which cases it 
was presumed, that substances were formed, which, although not so 
useful to man as those already mentioned, were well calculated to 
increase his number of elegant luxuries, and to excite in his mind 
the highest degree of admiration, by their extraordinary, and often 
exquisitely beautiful appearances. Thus seemed to have been 
formed the fossil woods ; some, at least, of the jaspers ; the pitch- 
stones ; the wax, or semi-opals ; and even the noble opal itself. 

It was even conjectured, that on the mixture of bitumen with 
silex might have depended the different varieties of horn-stone, 
flint, &c. In confirmation of which, subsequent observation has 

3o 
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■•t The most direct inferences, from obvious facts, remarked, whilst 
considering the nature of those bodies, which have been the sub- 
jects of our correspondence, lead to the conclusion, that, indepen- 
Biient of the accomplishment of any other important purpose, by 
mAe resolution of a former world, one grand object appears to have 
elveen attained — such an arrangement and modification of the seem- 
mSt^ ruin, as produced the regeneration of a world, stored, in its 
a_j ii< c pest recesses, with substances calculated to promote the comfort 
Bf^man ; to tempt him to the exercise of his innate powers ; to fur- 
2 9ish him with the means of supporting his dominion over the ani- 
^fnals around him; and even to urge him to a change from the 
^fHvage to a civilized state. Another world rises from the over- 
whelming flood, composed of the fragments of the former, which 
^ iq;>pear to be blended together, in an apparently disordered and 
. 4licongruous mass. But, after the lapse of a small period of time, 
the constituent parts of the newly-formed world are discovered to be 
furranged, according to those wise laws which the great Creator had 
decreed from the beginning. The surface again teems with beings 
possessed of the energies of animal and vegetable life; and after 
ages discover, that the atoms of which the new world is formed, 
acting reciprocally on each other, with varying, but appropriate in- 
fluence, regulated by the laws of attraction, and chemical affinity, 
compose a variety of new combinations; and the newly-formed 
world, enriched by the amelioration of its materials, obtains an in- 
crease both in its stock of utility and beauty. 

This circumstance, which I consider as plainly pointing out the 
wisdom and power of the Creator, may, however, I am perfectly 
aware, afford occasion for hesitation to the sceptic, who may ima- 
gine that the necessity of forming the world anew implies that its 
first formation was deficient in design. But considering this planet 
itself, as probably destined, with the other works of creation, to 
undergo certain regular changes in its constitution, during the 
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progrcf^ of its existence, sueli changes; cannot ftirnisli sufficient! 
gmund.s for doubting of the wisdom, or power of God : not even 

* were it discoverable, that this world hud undergone several revo- 
lutions and reformations; and that, in common language, several 
worldn had es^iHted bclbre Uic present. Man, unable to view the 
connection between these changes, and to judge of the important 
ends, intended to 1)C tlnis acconipUshed, would shew as much^ 
irjlly and presumption, by inferring a narrow hmitation of the^ 
power of the Creator, on discovering that the remains of fornier 
worlds entered into the eoni position of this, as if lie were to make 
a similar inference, on remarking one of the nietaniorphoses of the 
silk-worm, without being acquainted with tlic other particular 
cirt:um stances in the natural history of that insect 

Regarding the destruction and renovation of the world in this 
[loint of view, the most interesting conjectures force themselves on 
the mind. If it be apjiarent that^ from the breaking up of a pre- 
ceding world, the j>rosent has derived a higher degree of utility 
and beauty; may not this also be preparing to undergo^ at some 
distant cera, a new recom position, by which it may be made to ex- 
ceed this, in a simih>r proportion, in the posses*^ion of every excel- 
lence ? May it not thus become fitted for the reception of beings 
of higher susceptibilities and powers ? — But, cheeking this propen- 
sity to indulge in vain, and perhaps dangerous conjecture, we will 

^ return to inquiries rather more within the reach of reason ; pre- 
mising only one observation, intended to render more striking the 
necessity of diffident caution, whilst employing our limited powers of 
judgment, on any point which involves the knotty question of the ori- 
gin of evil. How derogatory from the dignity and omnipotence of the 
Creator, might a presumptuous and short-sighted caviller say, is the 
unfinished condition of great part of the creation ? — not a plant, 
nor an animal, is there scarcely which exists, but, in its natural state, 
is so far from perfection, as to require thp greatest care and culture, 
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to procure the full display of its beauties, and the developement of \t^ 
various faculties and powers. But, one more glance is sufficient to 
discover, that this apparent deficiency of power and judgment is a 
remarkable instance of the wisest adaptation of means to the pro- 
ducing of a most important end. For when it is considered that 
the dominion of the earth is given to a being, endued with peculiar 
faculties, the preservation and improvement of which depend on 
their due exercise ; it surely is not discordant with the correctest 
ideas of an arrangement, proceeding from consummate wisdom, 
and accomplished by unlimited power, thus to furnish him with 
materials on which his abilities may be employed. 

On examining those vegetable remains which still displayed some 
traces of their original forms, appearances were discovered, which 
seemed to point out a great dissimilarity between some of the vege- 
tables of the former, and of the present world. So great did this 
dissimilarity appear, as to wan'ant the conclusion, that either many 
genera" and species of vegetables, which existed before the flood, are 
now entirely lost, or remain secreted from us in some remote, and 
hitherto unexplored part of the world. Reasoning by analogy, from 
the undoubted loss of several species, and even genera of animals, 
we are led to consider the loss of a part of the vegetable creation 
as far from improbable. This is a point which cannot, however, 
be said to be determined, whilst any part of the world, in which 
they may be concealed, has escaped the examination of the bota- 
nist : especially as some very good and learned men have regarded 
the loss of a single link, in the chain of creation, as inadmissible : it 
implying, they say, such a deviation from the first plan of creation', 
as might be attributed to a failure in the original design. But such 
an inference does by no means follow ; since that plan, which pre- 
vents the failure of a genus, or species, from disturbing the general 
arrangement, and oeconomy of the system, must manifest as great a 
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Why the earth was at first so constituted that the deluge should 
be rendered necessary — why the earth could not have been at first 
stored, with all those substances, and endued with all those pro- 
perties, which seem to have proceeded from the deluge — why so 
many beings were created, as it appears, for the purpose of being 
destroyed — are questions which I presume not to answer ; trusting, 
however, that what has already been said must render their solu- 
tion less diflScult, and lead to conclusions less repugnant to rea- 
son, than some which have been advanced, by men of considerable 
abilities and learning, I shall here close our correspondence, for 
the present, experiencing no small degree of satisfaction at finding 
every fact I have noticed, and every conclusion which they have 
led me to make, to be in perfect accordance with the highest sen- 
timents which can be formed respecting those laws, by which the 
regulation of the oeconomy of creation was decreed, 

Yours, &c. 
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